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Vasicine — an Alkaloid Present in Adhatoda 
* Vasica, Nees. Part II. 

By Tarak Prasad Ghose. 

• 

In a previous communication (J. Indian Chem.^Soc., 1925, 1 , 
315) it wa 9 shown that the leaves and tender twigs of Adhatoda 
Vaaica contain an alkaloid, to which the name vasicine was given, 
and of which the empirical formula is Although it 

contains two atoms of nitrogen, it is monobasic, giving only one 
series of salts. The nitrogen atom which shows basic properties 
gives a rnethiodide which, on being treated with harium hydroxide, 
gives a hydroxymethyl compound. Thus it behaves as a tertiary 
base. 

^ Further work has been done to elucidate the constitution of this 
interesting alkaloid, and the present paper embodies the results so 
far achieved. 

When vasicine is treated with phosphorus oxychloride and 
pentachloride it gives a crystalline chloro-compound. This subs^tance 
is easily affected by light which turns it into a reddish brown resin- 
ous mass, (^hlorovasicine is reduced to an oxygen-free base when 
it ig^tre&ted with zinc and hydrochloric acid. 

The main product of oxidation of vasicine with potassium 
permanganate is found to be 4-oxy-quinazoline (4-oxy- 1 : S-benzdia- 
zine). The molding point of this substance was observed to be 
213'5-2L4°; its analysis, crystalline structure, and properties, such 
as sublimation, all agreed with thqse recorded for 4-o^y-quinazoline. 
According to Bogert and Gortner its melting point is 214° (J. Amer. 
Chem. Sou., 1909, 31 , 123). For confirmation, 3-methyl-4-oxy- 
quinazoline was prepared from this substance. It melted at 71° 
when it contained one molecule of water of Crystallization, and at 
*150° when it was anhydrous. The analysis also agreed with the 
formula. The recorded melting point of 3-methyl-S-o.xy.-quinazoline 
is 71° for the substance with one molecule of water of crystalliza- 
tipti {Bogert and Geiger, J. Amur. Chum. Soc., 1912, 34 , 526). 

• * Vhen vasicine is fused with potassium hydroxide, o-amino* 
benzqic acid and acetic acid are formed, 
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From the above experimental evidence it would appear that 
vasicine contains a 1 : S-benzo-diazine nucleus and its structural 
formula would be (1). On oxidation with permanganate it yields 
4-oxy-quinazoline (IT), 

N 

C-C,H7 q 

N 

c-ov 

^ (I). (11). 

The mono-basic character of vasicine, its behaviour as a tertiary 
^base and its yielding a chloro compound support the above view of 
its constitution. The fact that acetic acid is one of the products 
of alkali fusion of vasicine indicates that there is a CH, group 
present in the CjHj group attached to the nucleus, h urther experi- 
ments are in progress to elucidate the structure of this group. 

It is of interest to note that, so far as the author is aware, this 
is "the first time that a quinazoline base has been found to occur in ^ 
nature . 

Experimental. 

Chlorovaaicine . — To cooled phosphorus oxychloride (50 g.) pure 
dry vasicine hydrochloride (9 g.) was added and the whole was 
kept cool. When complete solution was effected, phosphorus 
pentachloride (11 g.) was added. The mixture was kept cool for 
some time, afterwards it was allowed to attain room temperature 
(30°) and after two hours was heated on the water-bath for 30 minutes. 
The whole was then slowly poured into 7,50 e.c. of ice and water. 

. The solution was filtered and neutralised with ammonia (a 
alig ht excess being used), keepi.ng it cool while adding ammonia. 
After some time, fine flakes of chloro-vasicine crystallised out. 
These were collected and dried on porous plate and finally over 
sulphuric acid in vacua. The dried crystals were dissolved in dry 
benzene and dry hexane added, when the chloro-eornpound was ^ 
precipitated in fine crystalline flakes with a silvery lustre. These 
were dried ia -oac uo over sulphuric acid ; m.p. 136-137”. Hecrystal- 
lised once pgain, the melting point remained constant. This 
compound quickly decomposed and turned reddish brown y/neq it 
was kept exposed to'^light. (Found : C, 63'6; H, 5‘8; CU, 17‘1. C, ,H, j 
N,C1 requires C, 63‘9; H, 5*3, • 01, 17'0 per cent.). 
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l^eduction Product of Chlorovasicine. •—ChloTOVABicine (5 g.) 
Va» reduced using hydrochloric acid (80 c. c.) and zinc dust (13 g.). 
Zinc was added in 3 instalments and the whole was finally heated 
on the water-bath for l.T minutes. It was allowed to cool when a 
double compound of zinc and the reduced base separated. This 
was dissolved iif a small quantity of water and made alkaline with 
ammonia. Zinc was removed by passing hydrogen sulphide. The 
solution was rendered free from sulphuretted hydrogen by passing a 
current of air, §nd was then concentrated when crystals separated. 
'J'he crystals were dissolved in chloroform and the aftaline mother- 
liquor was extracted with chloroform. On removing chloroform 
from the mixed solutions, some crystals separated. On recrystalli- 
zation from hot water, they separated as prismatic needles. When 
allowed to dry on porous plate at room temperature the compound 
melted at 77^, and the substance contained two molecules of water 
of crystallization. When dried in a vacuum over sulphuric acid for 
several days it still retained half a molecule of water of crystalliza- 
tion and the melting point was 87-88^. Repeated recrystallization 
•from dilute alcohol and subsequent drying as before, did not alter 
the melting point. The substance, in.p. 87-88°, was analysed. 
(Found: C’, 72*7; H, 0*7; N, lu*7. requires 

C* 72*9; H, 7*1; N, 1.7'5 per cent.). 

Hydrochloride of the reduced Duse . — The base was suspended in 
alcohol and concentrated hydrochloric acid was added till all the 
base had dissolved. The solution was filtered and warmed and then 
etB«r was added slowly till there was a slight opalescence. On 
standing, the hydrochloride separated as fine prismatic needles. 
Dried in a vaqpum over sulphuric acid, the substance melted at 
25.>-2'>0 ■ Beery stall i/.atiou did not alter the melting point. 
(Found: t’l, 10*2. HCl requires Cl, 16’8^per cent.) 

tlhloropl'itinate of the reduced Uaise . — The chloroplatinate, 
prepared in the usual way, was an orange yellow substance. 
(Found: Pt, 2,')'4. C , jH, *N,PtClo requires Pt, 2.5*9 per cent.). 

Oxidation of Vasicine . — Vasicine (20 g.) was dissolved in dilute 
sulphuric acid, making the solution faintly acid. The solution was 
made up to 500 c.c. and oxidized at a temperature jDf 15-20’' by drop- 
ping in potassium permanganate solution (5 per cent.) *and keeping 
tlje mixture atirred^mechanically. About 2 litres of permanganate 
sfb4ution wege required to complete the reaction^ The pi^cipitated 
manganese dioxide was removed and repeatedly washed with boiling 
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water till the washings were colourless. The filtrate and waslyngs 
were evaporated on the water-bath, a slow current of 00, bein^ 
passed into it all the while. When it was concentrated to a small 
bulk it was acidified with dilute H,S 04 and steam distilled. No 
volatile acid could be obtained. After steam distillation, the liquid 
was neutralized with sodium carbonate and evapoi%ted to dryness. 
The dry salts were extracted with hot alcohol (95 per cent.). The 
alcohol was then distilled ofi. The salts obtained were again dis- 
solved in water and precipitated with silver nitrate. A curdy 
gelatinous precipitate was obtained. This was washed till free 
from S'ilver nitrate, suspended in water, warmed and decomposed 
with sulphuretted hydrogen. The precipitated silver sulphide was 
' removed by filtration and hydrogen sulphide was removed from the 
filtrate by drawing a current of air through it. On cooling a crop of 
yellowish brown crystals separated. These wore removed and on 
concentration, the mother-liquor yielded a further crop of crystals. 

These crystals were sparingly soluble in cold water but readily 
dissolved in hot water. They were easily soluble in alcohol but 
sparingly so in ether. On recrystallization from hot water, lho> 
came out in fine silky needles slightly yellow in colour, m.p. 212”. 
On recrystallizing once again they came out in slightly yellow silky 
needles, m.p. 213‘5 — 214”. The substance was sublimed. The 
sublimate was recrystallized from water when it came out in fine 
white silky needles, m.p. 213 5 — 214°. (Found: C, 661 ; H, 4'3; 
N, 19'1. CgHaN,0 requires C, 65’8; H, 41; N, 19’2 percent.). 

This substance when treated with chloro-platinic acid, gavj'an 
orange yellow precipitate, which was recrystallised from hot dilute 
alcohol. The salt was dried at 110” and analysed. (Found : Pt, 27*5. 
CgHaNjOPtClg requires Pt, 27'9 per cent.). This substance is 
4-oxy-quinazo^ine . 

3-Methyl-4:-oxyquinaioHne. — This substance was prepared iTom 
4-oxy-quinazoline by direct methylation with methyl iodide and 
potassium hydroxide in methyl alcohol solution as suggested by 
Bogert and Geiger {loc. cii.). The substance which came out in fine 
crystalline needles was recrystallized twice from hot water, m.p. 71”. 
Bogert and Geiger give the molting point as 7l° for the substance 
with one molecule of water of crystallization. The substance was 
recrystallized from dry chloroform and drie^ in a vacuum over 
sulphuric acid fo|; several days. The anhydrous substance melled 
at 104-105” which is the recorded melting point of the anhydrous 



VASICINE 


5 


substance (loo. oil.). (Found; N, 17‘8. CeHaNjO requires N, 17*5 
I j^r cent.). 

• Fusion of Vasicine with Potassium Hydroxide . — Vasicine (5 g.) 
was gradually added to a melt o£ potassium hydroxide (20 g.) and 
water (20 c.c.) heated to 150° on an oil-bath. The temperature of 
the bath was raised and the mixture kept thoroughly stirred. At 
190° the whole became a viscous horny mass. The mixture melted 
between 200 and 210” to a thin liquid. Above 220° it began to froth. 
The temperaUire of the bath was raised to 2.50°. After cooling, the 
fused mass was dissolved in water (100 c.c.). It w^s allowed to cool 
and shaken up with ether to remove a basic substance, the^ quantity 
of which was too small for examination. The alkaline solution after 
extraction with ether was acidified with sulphuric acid a^d 
steam-distilled. The distillate was collected in three fractions. 

The silver salt of the first fraction was prepared and analysed. 
(Found : Ag, 04..'!. OHjCOOAg requires Ag, *64*6 per cent.). 

The other fractions of the distillate contained very little acid, and 
sufficient silver salt f<ir analysis could not be prepared. 

After steam distillation the solution was neutralized with sodium 
carbonate and evaporated to dryness. Tlie dry .salts were extracted 
with alcohol. Alcohol was distilled off and the salts were dissolved 
,in water and precipitated with silver nitrate. The silver salts were 
washed and decomposed with sulphuretted hj’drogen. SilveriBulphide 
was removed and the solut ion was rendered free from sulphuretted 
hydrogen by a current of air. The solution showed a distinct blue 
^uorescencc. The free acids were extracted with ether and recrys-. 
tallized from water, m.p. 144-145°. The substance was sublimed. 
The sublimate separated from water as long flattened needles which 
were dried in a vacuum over sulphuric acid, m.p. 145°. (Found: 
{’, 61*5; H, o'd'CjHrNO requires C, 61*3; H, 5*1 per cent.). ^ 

• The silver salt of the acid yas prepared and aifalysed. (Found : 
Ag, 44*1. C,H,NO,Ag requires Ag, 44*26 per cent.). 

This acid is therefore o-amino-benzoic acid. For csnfirmntion 
the mell-ing point of a mixture of this acid with o-amino-benzoic acid 
from another source was determined; m.p. 145°. 

Forest Research Institute, 

Dehra Dun. 

J 


Received, May 17, 1926. 



Researclies in the Thiazole Series. Part I. Actioni 
of Hydrochloric Acid on Allylthiosemicarbazi<le. 


By Satish Ohandha De. 

By the action of bronioalkylamines on potassium thiocyanate 
Gabriel {Ber., 1889, 22, 11B9, 2230, 2984) obtained substances 
'which he called derivatives of ^-propylene thiocarbamide and which 
are now known to be derivatives of thiazole. Also Prager {Ber., 
1889, 22, 2991), on condensing allylamine with mustard oils, 
obtained product, which, on treatment with hydrochloric acid, 
were transformed into thiazole derivatives. 

The above results led me to try the action of hydrochloric 
acid on various 4-allylthiosemicarbazidcs. It should be mentioned 
that Busch and Lotz (•/. pr. Chem., 1914, 90, 270) tried the action 
of boiling hydrochloric acid on 4-allylthiosemicarbazide; they 
found that the semicarbazide either remained unchanged or 
decomposed into its components on prolonged boiling. 

The author has obtained from d-allylthiosemicarbazide a 
hydroxylmethylthiazole (II) which appears to be formed by the 
decomposition of the hydrazine derivative (1) first formed. 

CK, CH — M CHjCH— S 

* 1 > 1 //C OH 

CH—n'' CHj— ti 

(I). (ff. 

It was then thought that by substituting acetyl, btjnzoyl, ot 
phenyl in the hydrazine residue of allylthiosemicarbazide, a 
thiazole derivative might be obtained that on hydrolysis would 
give a thiazole hydrazine. But during acetylation of allylthio- 

semicarbazide aq acetyl derivative of allylimino-C-rnethylthiobia- 
zole was formed (Pul vermaoher, 1894,27,026). Thobenzoy*! 

derivative could be prepared and when treated with hydrochloric 
acid it,.was transformed not into a thiazole but into a thiobiazolo 
derivative, the reaction proceeding according to the scheme— 


NH- 

• N 

NHN 

1 

11 

► 1' II 

C,H,'K=C 

C'Ph 

C,H,-N=C C-Ph. 

1 

1 

y 

SH 

OH 

•s 


Substitution' by phe,nyl group, as in l-phenyl-4-allyl’ihioS'Bmi- ‘ 
parbazide, led to the formation of a thiazole derivative. 
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• A further attempt wae made to prepare a thiazole hydrazine 
by metfbs of benzylideneallylthiosemicarbazide; this led to hydroxy- 
metbylihiazole. When the hydrazine residue in allylthiosemi- 
carbazide was substituted by the phenyl thiocarbimide group the 
resulting allylanilidothiosemicarbazide yielded a thiobiazole deri- 
vative. The process possibly took place suicording to the 
scheme — 


NHNH 


-PhXH, 


NHNH 


C’S 


SH NHPh 


(’,H,'X = C CS 

• V 

s • 


From these experimental facts it appears that if the 1 -position 
in allyltbiosemicarbazidc is unsubstituted the thiazole hydrazine 
probably first fortued readily parts with the hydrazine residue and 
hydroxymethylthiazole results; but if this position is occupied 
by certain groups or radicals then either a thiazole or a thiobiazole 
ring is formed. The question which groups or radicals favour 
the formation of one ring or the other is now under investigation 
and will form the subject of a subsequent communication. 


Experimental. 


}I ydrnxymrihylihiaznle . — 4-Allylthioaemicarbazide (10 g.) was 
heated with concentrated hydrochloric acid (20 — 25 c.c.) in a sealed 
tube at 100° for 2 — 0 hours. .After cooling the tube contained a 
^maH quantity of crystals of hydrazine hydrochloride which were 
separated ; when the filtrate was diluted with water and then* 
saturated with ammonia, the free base separated in needles or 
rectangles ha'^ing a faint reddish tinge. Crystallised from boiling 
bAizene it formed white needles, m.p. 200°. The yield was very 
poor. The substance is easily soluble in alcohol and benzene bul 
insoluble in water. (Foun<f: S, 27’12. C*H 70 XS requires 
S, 27*35 per cent.) 

Ac.etylmrihylthiaznJc. — The monoacetyl derivative was pre- 
pared in the usual way by heating for 10 — 15 minutes. On cooling 
crystals scparatei? which were collected and crystallised from 
alcohol in needles, m.p. 242°. (Found: S,» 20*28. CaHsOiNS 
requires S, 20*13 j>er cent.). 

• Bcnzoylmcthylihiazolc. — The hydroxymethylthiazolone was 
warmed ^ith benzoyl chloride for a few minutes and 4he excess of 
bgnzoyl chloride was destroyed by means of alkali. The benzoy] 
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derivative so obtained formed a semi-solid mass which was allowed 
to remain in the alkaline solution for about two days ftrhen'it 
gradually solidified. The solid mass was collected, finely powdered 
and triturated with an alkaline solution and filtered. The residue 
was washed with water and crystallised from alcohol, m.p. 243°. 
(Found :S, 14'66. Ci,Hi,0,NS requires S, 14*48 per cent.). 

‘ Nitrosomethylthiazole. — An aqueous solution of sodium nitrite 

was added to the hydrochloric acid solution of hydroxymethyl- 
thiazole cooled in ice. The nitroso-derivative sepai*ated at once 
in the form of a j ellow precipitate which was filtered, washed with 
water and crystallised from acetic acid : light yellow needles, m.p. 
138°. (Found; S, 21*67. C*HoO,N,S requires S, 21*92 per cent.). 

” Phenylhydrazidomethylihi azole. — Molecular quantities of allyl 
mustard oil and phenylhydrazine were mixed together in a flask. 
The reaction began with evolution of heat and after a few minutes 
the whole mass assumed a jelly-like appearance. The reaction 
was brought to completion by heating on a water-bath for half an 
hour. The product was dissolved in boiling alcohol and from this 
solution 4-allyl-l-phenylthiosemicarbazide separated in long white 
needles, m.p. 110°. This semicarbazide (10 g.) was heated with 
concentrated hydrochloric acid (20 c.c.) in a sealed tube at 100° 
for 2 hours. After cooling, the tube contained crystals having a 
light tinge and the acid solution had a pink colour. These crystals 
were collected and dissolved in water, boiled with animal charcoal, 
and the filtrate concentrated when the hydrochloride of phenyl- 
hydrazidomethylthiazole separated in colourless needles, m.p. 
203°. To obtain the free base the following method was found 
best : the aqueous solution of the hydrochloride was warmed on 
a water-hath and to the hot solution ammonia was slowly added 
until neutral, when the base separated in almost white plates. 
These were collected, washed and dtied. So obtained the substance 
melted at 92° and was used for the preparation of its derivatives. 
For analysis a portion was dissolved in alcohol, the solution boiled 
with animal charcoal and from the filtrate it was precipitated 
by water in white plates, m.p. 94°. (Found: S, 15*68. 0,oH,,N,S 

requires S, 15*46 per cent.). ' 

The acetyl derivative was prepared in the usual way. It was 
purified from alcohol when it was obtained as white needles, 
m.p. 190°. (Found: S, 13*16. C,,Hj 50 N,S requires iS, 12*85* 
per cent.) 
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^ The benzoyl derivative prepared in the ordinary way, solidified 
* on long standing. The solid was collected and crystallised from 
boiling benzene. It is insoluble in alcohol, ether, chloroform and 
cold benzene and moderately soluble in hot benzene. (Found : 
S, lO'ilS. Ci,H,,ONsS requires S, 10 29 per cent.) 

The benzyltdeneallythiosemicarhazide was obtained by adding 
the equivalent quantity of benzaldehyde to a hot alcoholic solution 
of 4-allylthiosemicarbazide. After a few minutes white needles 
of the benzylfdene compound separated which was crystallised 
from rectified spirit in needles, m.p. 125^. (FQpnd : S, 14'49. 
requires S, 14'38 per cent). , 

Tienzylidcnchijdruzidoinethylihiazoh’ . — The benzylidene com- 
pound (IS g.) was heated with concentrated hydrochloric acid 
(30 c.c.) in a sealed tube at 100° for two hours. The contents of 
the tube were diluted with water and saturated with ammonia 
when the free base separated in white rectangular crystals. It 
was purified from alcohol from which it crystallised in shining 
rectangles, m. p. 141°. (Found; S, 14G0. C,,H,sNjS requires 
* S, 14‘38 per cent.;. On hydrolysis it gave the hydroxymethyl- 
thiazole previously described. 

The acci yl dcrii'alivc was prepared and crystallised from alcohol 
io white needles, m.p. 119°. (Found: S, 12'42. C.jHjgONjS 
requires S, 12 ’26 per cent;. • 

The benzoyl derivative separated from alcohol in white rect- 
angles, m. p. Io0°. (Found: S, 10’22. |,H, ,OXjS requires 

STiO'OI per cent.). 

The nitrnso derivative was obtained by adding an aqueous solu- 
tion of sodium pitrite to the cold hydrochloric acid solution of the 
thiazole. The yellow precipitate was filtered, washed with water and 
crystallised from alcohol in yellow needles, m.p. 120° with decomposi-* 
tidto. (Found: S, I2't>8. requires S, l2‘90 per cent.) 

Acetyl all yVmiino-C-methylthiobiazole. — Allylthiosemicarbazide 
was boiled with acetic anhydride. The acetyl derivative Separated 
on cooling and crystallised from alcohol in needles, m.p. 79°. 
When the acetyl compound was deacetylated with hydrochloric 
acid it gave thft hydrochloride of allyIimino-f?'-methylthiobia- 
zole (m.p. 173°) which on neutralisation with ammonia yielded 
t^e base as a crystaAine mass. It crystallised from al({Ohol in white 
v^ates and , melted at 126° and was identical with Pulvermacher’s 
compound obtained from allylthiosemicarbazide and acetyl chloride, 

2 
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Allylimino-C-phenylthiobiazole. — 4-Allyl-l-benzoylthio8emicar- 
bazide was prepared from allylthiosemioarbazide and ^enzqyl • 
chloride in chloroform solution ; the product crystallised from 
boiling water in needles, m. p. 172°. On heating this benzoyl 
compound with hydrochloric acid in a sealed tube at 100° it was 
converted into the hydrochloride of the above thiazole (m.p. 112°). 
The free base was obtained by saturating the dilute acid solution 
with ammonia. Crystallised from dilute alcohol it melted at 
118°. It was identical with the compound obtained) from 4-allyl- 
l-benzoylthiosemicarbazide and acetyl chloride (Her., 1894, 27, 628). 

AUyliminoifiinbiaznJc thiol . — Allylthiosemioarbazide was con- 
verted into allylthiocarbanilidotbiosemicarbazide by boiling with 
phenyl mustard oil in alcoholic solution for two minutes. The solid 
product was filtered and washed with alcohol. It was thus 
obtained in plates, m.p. 183°. This thiosemicarbazide was then 
heated in a sealed tube at 100° with concentrated hydrochloric 
acid for two hours. On cooling a white precipitate separated. 
The mother-liquor, on dilution with water, became turbid and 
after some time deposited a further quantity of tbe white substance. 
For purification it was dissolved in dilute sodium hydroxide solution 
and precipitated by dilute acid. Crystallised from boiling water 
in plates it melted at 136°. (Found: N, 24'37. C,H,NaS, 
requires N, 24*28 per cent.). From the dilute acid solution on 
neutralisation with alkali a small quantity of another substance 
was obtained which could not be purified and studied 

Oxidation of Benzylidenenicihyl-ihiazolc hydrazine ani 
Hydroxyniethylthiazole . — The hydrochloride of each (8 g.) was 
shaken up with excess of bromine water and the mixture was first 
warmc'd on a water-bath and finally heated to boiling over a free 
flame. The mixture was then evaporated to dryness when a brown 
syrup was left behind. This was extracted wdth alcohol and tjie 
alcoholic solution allowed to stand for a long time in a desiccator. 
The crystals that separated w’cre collected and crystallised from 
waterr It was found to be identical with the i/r-methyltaurin of 
Gabriel and Prager {loc. cit.). 

My best thanks are due to Prof. J. C. Ghosh and Dr. P. C. 
Guha. 


CHBUtCAI. EaPOHAIOKT, , 

Ukitebsitv or Dacca. 


Jieceived May 17, 



Interaction of Sulphuryl Chloride with Substances 
Containing the Reactive Methylene (CH.^) Group. 

By Kuvkrji Gosai Naik and Mo.1^ANr.AL Laxmidas Shah. 

• 

The reactivity of the hydrogens of a methylene ( — CH,— ) group in 
compounds containing —C’O- OH, •( JO— and — CN-CH,-CO— has* 
been taken advantage of in numerous condensations. Some light 
has been thrown on the factors which govern the reactivity of the 
methylene group, in substituted malonamides, w’ith the help of 
sulphur monochloride (Naik, J. Chcm. Soc., 1921, 119 , 870 ; 
1921, 119 , 1281 ; Naik and Avasare, ibid, 1922, 121 , 2592; Naik 
^and Patel, J. Indian Chcm. Soc., 1921, 1 , 27). It was decided to 
carry this subject further by studying the interaction of substituted 
malonamides and sulphuryl chloride. The results show that 
sulphuryl chloride can react as a chlorinating agent on the methy- 
lene group, and, also, in certain cases, on aromatic nuclei. ' 

In "view of chlorination having been already effected with the 
help of sulphuryl chloride, it was expected that in the substituted 
m%lon£tmides containing aromatic nuclei, the chlorine might attack 
both the methylene group and the aromatic nucleus, and that only 
when the reactivity of both the hydrogens of the methylene group 
— CHg — ,was sufficiently modified by the proximity of other groups, 
that "sulphuryl chloride would attack the nucleus. This has been , 
fouyd to happen in certain cases. ^ 


' CiiloriDation with sulphuryl chloride seems to have been studied by various 
workers {Zeii, CItem. von Beilstein n. Hubner, 2, 705; Dubois, BuU, Acad, 

roy, Behj,, 1876,42, 126; Tohl and Klurhardt, Rer., 1803, 26, 2040; Peratoner, 
*Gaxzeita, 1894, 24, l.,23f.: Wolil. D.R.-PP. 139552, 14G7/19«)2, 160102/1902, 
162394/1903; Bilberrad, J. Chem. Soc., 1921, 119, 2029; Ibid, 1922,121, 1015; 
Duirans, J. Chem. Soc., 1922, 121, 44; Elber and Klemm, Ber.^ 1922, 65. 217; 
Mjcbelh, J. Chernm Soc., 1922, 121, 1116; ibid, 1023, 123, 1122; Duirana, J. Chem. 

^23, 123, 1424; Biilow and King, Annalen. 1V)24, 439, 211^ Fucbs and 
Katscbcr, Ber., 1924, 57[B]» 1256; Silberrad and Parke. jTchem. Soc,, 1925, WT, 
1724 ; Bilberrad, J. Chem. Soc., 1925, 127, 2677.) 
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The main results of the interaction of sulphury 1 chloride yjgith 
various mono- and di-substituted amides of malonic and methylmalo-* 
nic acids can be summarised as under: — 

Conversion of the gfrowp — into CCla, 

(a) without chlorination of the micleus : inalondiphenyl- 
amide, malondibenzylaniide, malondi-o-tofylamidc, malon- 
di-p-tolylamide; malon-dipropylamide aad malon-mono* 
p-tolylamide undergo this change ; 

(b) with chlorination of the nucleu-^; iiialon-di- 
m-tolylamide, malon-mono-phenylamide and nialon-di->8- 

.. naphthylamide undergo this change. 

II. Conversion of the yroap — CHa — ijito- CHCl — 

(a) without chlorination of the nucleus : malon-di- 
methylphenylamide undergoes this change ; 

(b) with chlorination of the nucleus : malon-di-o 
naphthylamide undergoes this change. 

III. Conversion of the yrowp — CHCCHn)— • into i'Cl(Cli^Cl): 
methylinalondiphenylamide, methylrnaUm-di-o-tolylamide 
and methjdmalon di-;^-tolylamide undergo this change. 

Type 1. (a), Malondiphenylamido reacts with sulphury 1 chloride 
as under : — 

{PhNH.OO),CH,+2Cl,SO, = (PhNH.CO),('(1,+2HC’i + L'S(),. 

« ( 1 ) 

That the substance produced from niaion diphenylaniide hos* the 
constitution follows from the facts enumerated below : — 

(1) The two hydrogen atoms that are replaced by chlorine, 
not supplied by the phenyl group because (a) a similar dichloro- 
derivative is obtained from rnalondipropylamide; (h) the chlorine 
atoms can be replaced again by hydrogen with production of the 
original amide by the action of sodium hydrosulphide (Brand, Ber., 
1906, 42, 3464), and by potassium iodide and hydrochloric acid 
(Meyer, Annalen, 1911, 380, 212). 

(2) The hydrogen atoms that are replaced by chlorine are not 
attached to the nitrogen atoms, because malon-dimeth^danilide, 
where there is no hydrogen attached to the nitrogen, yields a mono- 
chloro-derivative. 

Type I (b).. In the case of malon-m-tolylamide, the reaction 
was more vigorous (giving rise to a tetrachloro-d irivative) than with 
the corresponding o- and p-compounds. 

(c,H7.nh.co),oh,+4so.ci.=((;,h«ci.nh.co),cc4 

+ 4H01 + 4S0. 
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.Of the four chlorine atoms present in this compound, two are 
attach^ to the methylene carbon as is evident by the reduction 
with potassium iodide and concentrated hydrochJoric acid. The 
other two halogen atoms which are present in the compound, even 
after reduction, may be present either in the ortho- or para-position 
to the amino-gfoup in the aromatic nucleus. 

On studying the behaviour of malon-di-y3-naphthylamido with • 
sulphuryl chloride, there was a copious evolution of hydrogen chloride 
and sulphur dioxide. I’he tetraehloro-compound thus formed lost, 
on reduction by the above method, two atoms erf chlorine, which 
were attached to the methylene carbon. Malon-monophenylumidc 
exhibits a similar rcjictivity, and the reaction proceeds as under; — 

NH. CO NH CO 

>CH,-l-3SO.Cl.= >CCl,-f SO.-I-3HCI 

C.H.NHCO C«H*CrNHCO 

Type II in). The interaction of malon-dimethylphenylamido 
with sulphuryl chloride results in the production of a mono- 
chloro compound. 

[CHJC.HJ N CO],Cn,-»-SO,Cl, = fCH,(C„H,)N CO],CHCH- 
HCI-t- SO,. 

Ip spite of tbe two hydrogen atoms of the methylene group being 
available only one is attacked. This course of the reaction is not an 
abnoipnal one, as is evident from the work of Naik (lur. cif.) and 
\Vst (J. Cheni. Sor., 1922, 121. 2190). 

Typo ir (h). When a-naphthylamide was made to react with 
sulphuryl chlonide in the ratio of 1 : 3, a triohloro-conipound was 
obkiincd. 


(CV,„H,.NH.CO)aC’H, + 3Cl,SO^(C,„H,t’l.NH.t'C^,CHCl-l-3Ha 

+ 3SO, 

« 

That in this trichloro-compound, only one chlorine is attached to the 

» 

methylene carbon, and the other two are substituted in the aromatic 
nuclei, is shown bv the study of its reduction with potassium iodide 
and hydrochloric acid. • ^ 

It is curious tj^at malon-di-a-naphthylamide gives a trichloro- 
doriwative, Vhereas tho corresponding jS-compotind gives a 
^btraoBlorcJ^-dorivative under similar conditions. • That thfc difference 
between the behaviour of a-naphthyl compounds and /3-naphthyl , 
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compounds is general was noticed by otjier workers (Whitelsy, 
J. Chem. 80 C .9 1903, 83, 24), and was attributed to various VeasojCis 
(Weinberg, Ber., 1924, 84[B], 2168). 

Type 111. Further, it was desirable to see if the same type and 
reactivity persisted amongst the corresponding derivatives of 
methylmalonic acid. Here one of the hydrogen atoms of the methylene 
group is replaced by the methyl group, so that a monochloro derivative 
might be expected on interaction with sulphury! Chloride. Yet, in 
the three cases that were studied, dichloro-derivatives 'were formed. 
On reduction of these by the usual method it was found that both 
the chlorine atoms were replaced by hydrogen. Hence the second 
chlorine atom must have entered the methyl ^radicle. If the second 
chlorine atom had entered the benzene nucleus, it could not have 
been reduced by the above method, nor could it have come in place 
of the hydrogen of the imino (—XHE— ) group, as was pointed out 
previously. Thus : 

(R-NH‘C0),CH CH3+2S0,C1,=(U*XH*(:0) CCl CH,C1 + 2H01 

+ 2SO, 

(where Ji represents either a phenyl or a tolyl group). 

The above dichloro-compounds showed no trace of any free 
hydrogen chloride contained in them; for, when they were shaken, 
with wa’-ocr, the filtrate gave no reaction with silver nitrate. Exam- 
ples of chlorination similar to this are known (rf. Willgerodb and 
Durr, Brr., 1887, 20, 539). The mechanism of this int<*resting 
• course of chlorination is discussed later on. 

Coming to the question of reactivity of the hydrogens of the 
methylene group in grouping such as — CO’CH* , — CX'CH,* 
CO— etc., it is interesting to note that the experiments described 
l?ere afiford clear evidence that the interaction of sulphuryl chloride 
with compounds containing the methylene radicle* depends on thn 
total negativity of the groups attached to the two remaining 
valencies “Df the carbon atom {lor, cit,) If these valencies carry 
neutral groups such as ‘GO’NH,, as in malonamide no inter- 
action occurs with sulphuryl chloride. If, however, the neutral 
character of either or both of the carboxyl amid 3 groups is dis- 
turbed by the.entranco of phenyl, tolyl, etc., interaction with sul- 
phuryl chloride readily occurs. 

The reactivity of sulphuryl chloride with malonic ester, acelo- * 
acetic ester, cyanacetK ester, etc., has been studied by Macbeth 
(J. Chem, Soc., 1922. 121, 1120; 1928, 128, 1125), who obtained 
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chl^ro-cotnpounds. In all such cases, the reactivity of the sul- 
•phiiryl oJbloride with esters was found to bo great, certainly greater 
thdn the .reactivity of the corresponding ainido and substituted 
atnido derivatives. 

Although no definite rneasureuicnts have as yet been made, it is 
evident that the* speed of the reaction depends on the total negati- 
vity of the attached groups. For example, sulphuryl chloride 
reacts more vigorously with compound (Hi, Ii = Ph) than with 
(ii. It =Tol) wfcilst the reaction with the ester itself is the most 
vigorous, even taking place at the ordinary temperature. So in a 
series like 


<i) CH,*(CONH.). 

(ii) NHa'CO- CH,- CO XHR (R = Ph, Tol etc.) 
(Hi) CH.-(C0NHII)4 
(m) t'H.-(COO('.H»j, 


the reactivity which is absent in (/) is found in (ii) and goes on 
increasing through the series (Naik, lor. rii.). 

'I'he reactivity of the fH, grotip may be referred to (a) polarity 
(Macbeth and his collaborators, J. Chcoi. Soc., 1922, 121 , 892, 904, 
1109, 1110, 2109, 2.V27, 2001 ; 192;i, 123 , 124, 1122 ; 1925, 127 , 892, 
1^18), (b) h) keto-enol transformation (Thorpe and his collabora- 
tors, Chcm. Soc., 1911, 99 , 2183; 1921, 119 , 1203; 1922, 121 , 

1896), or (c) to the combined influences of polarity effects, steric 
ip^ueoce and structural characteristics such as would give rise to 
ke^o-enol transformations (West. J. Chrm. Sor., 1924, 125 , 710). 

The reactivity of the compounds investigated herein can be 
explained on the basis of keto-enol transformation. In the cases 
whtfre both the hydrogens of the methylene group are replaced by 
chlorine atoms, the substance, ^according to Norri» and Thorpe (J. 
Chcm. Soc., 1921. 119 , 1203), assumes an enolic form. Thus in the 
case of formation of compound 1, the course followed, can be 
represented thus : 


PhNH CO CH, C'O NHPb — > rbXH OtVCH, CH : C(OH)* NHPh 

Cl. 


PhNHCOCH :C(t)C)V,NHPb 

unstable 

PhNHCOCHClCONHPh. 


By a similar series of changes the final product's the di^loro-cona- 
pou|d, CCl,(CONHPh),. 
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In the case of nialon-dimethylphenylamide, only one hydrogen 
is reactive. It appears that after one of the two Ifydrogon ' 

i 

atoms has reacted, the other becomes sluggish, only a monochloro- 
compound being obtained. West (foe. cit.) has shown that further 
chlorination of this amide is not possible on passing more chlorine. 
This sluggishness of the second hydrogen atom can l^e explained as 
being due to the stability of the keto-form as in the case of acetyl 
acetone (Norris and Thorpe, loc. cit.), which gives a monobromo-com- 
pound, (CHa'CO),CHBr. Further bromination does nbt take place. 

In some cases, however, enolisation involves a hydrogen atom of 
a terminal methyl group. For example, in the case of methylma- 
londiphenyl amide, after the group — C(CK,)C1 has been formed, 
enolisation involves a hydrogen atom of the methyl group : 


Cl- C— CO NHPh 

I 

CONHPh 


CH, OH 

1 >C< 

Cl-C NHPh 

I 

CO NHPh 
cnolic form 


CH, OCl 

I >C< 

Cl— C NHPh 

I 

CONHPh 

unstable 


CHaCl 

I 

Cl— C— CO -NHPh 

I 

CO NHPh 


Such a change due to the enolisation of a terminal methyl group 
was noticed by Hantzsch {Ber., 1894, 27, 356, 3168). 


.. Experimental. 

Dichloromalondiphcnylcnnidc . 

Malondiphenylamide (2 g.) was made to react with sulphuryl 
chloride (2-25 g.) in presence of dry benzene (50 c.c.). The mixture 
was refluxed for four hours over a water-bath. Dense fumes of 
sulphur dioxide anel hydrogen chloride were evolved. When the 
reaction was over, the solution was filtered hot and the filtrate, on 
cooling, deposited a white crystalline mass. This was filtered, 
washed repeatedly <with dry petroleum to free it from excess of 
sulphuryl chloride, and crystallised from hot benzene, m.p. 127®. 
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it is fairly soluble in acetone, chloroform, ethyl acetate and 
ni^benzene, sparingly so in benzene, alcohol, toluene, acetic acid 
and carbon tetrachloride, and insoluble in light petroleum. (Found: 
Cl, 21*8. C,,H,,N,0,C1, requires Cl. 21-06 per cent.). 

Hcdvction of the above Compountl trith Hydriodic .4ci<?.— -The 
dichloro-compound (0‘1498 g.) waa dissolved in absolute alcohol (30 
C.C.). To the solution, i>ota8sium iodide (1*85 g.) dissolved in vrater 
(20 0 . 0 .) was added, and then concentrated hydrochloric acid (10 c.o.). 
The mixture v^as refluxed for 3 hours at about 60'' . A control ex- 
periment was set up at the same time with the shme amount of 
absolute alcohol, potassium iodide and concentrated hydrochloric 
acid, for the same period; and from the observations in the control 
experiment, a correction was introduced in the observations of the* 
actual reduction experiment. The substance liberated iodine equi- 
valent to 10‘3 c.c. of 0'0971A* sodium thiosulphate solution. 
(Found: Cl (equivalent of the iodine liberated), 22-16. C,*H,,N,0, 
Cl, requires Cl, 21 "96 per cent.). 

Reduction of Dirhlnromatondiiihen ylamide u ifh alkaline Hydro~ 
'sulphide. — The chloride (2 g.) was added to absolute alcohol (20 c.c.) 
and refluxed for about half on hour. An aqueous solution of sodium 
hydrosulphide, prepared by saturating sodium hydroxide (0*3 g.) 
dissolved in a small quantity of water with hydrogen sulphide, was 
gradually added to it. After n time the whole went into seflution 
with a brow’n colour. On cooling a slight crystalline precipitate 
appeared. The solution was diluted with water (.>00 c.c.) and fil- 
tered. The substance was washed free from alkali by hot water. 
The product was then crystallised from acetic acid, and was found 
to bo pure malotidiphenylamide, m.p. 224-22,’>'‘. 


Diehlorn III alon-d the uz ylamide. 

• 

This substance was prepared from malon-dibenzylamide (2 g.), 
and sulphuryl chloride (2 g.) in presence of dry benzene toO g.c.) 
as before. • It was deposited a^ a white mass sparingly soluble in 
benzene, from which it was crj^stallised in white shining pl.ates, 
m.p. 170-171 • 

It is fairly soluble in chloroform, sparingly so -in benzene, 
alcohol, acetupe, tdluene, acetic acid, carbon tetrachloride, ethyl 
qepta^,. carbon bisulphide,, ether and nitrobenzene, but^insoluble 
in light petroleum. (Found : <^1, l9-82. C, Cl, requires 

Cl, ^p*20 per cent.). 

•3 
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Dichlorotnulon'di-O'tolifliitnide. 

t* ^ 

This substance was prepared from malon-di-o-tolylamJde (2 g.) 
and suJphurvl chloride (2 g.) in the usual way. The white solid is 
spBvingly soluble in alcohol* from which it was crystallised In white 
needles, ni.p. 140-141°. , 

It is fairly soluble in acetone, chloroform, ethyl acetate, carbon 
bisulphide and nitrobenzene, sparingly so in benzene, alcohol, tolu- 
ene, acetic acid, carbon tetrachloride and ether, but insoluble in 
light petroleum. (Found: Cl, 20'15. C , jHj aOjN, Cl* requires Cl, 
20-20 per cent.)* 

Diehl oro m ahni -di-p- / olylti m id c . 

* The above compound was obtained as a white amorphous powder 
when malon-di-/>-tolylainide (2 g.) was treated with sulphury! 
chloride (2 g.) in the usual way. It was crystallised from alcohol 
in shining white needles, m.p. 14r)-14C. 

It is fairly soluble in benzene, acetone, (doroform, toluene, acetic 
acid, ethyl acetate, carbon bisulphide, ether and nitrobenzene, 
sparingly so in alcohol and carbon tetrachloride, but insoluble in 
light petroleum. (Found: Cl, 20*01. C j yH j N%CI, requires Cl, 
20*20 per cent.). 

Dichloromalon-diprnpyl amide . 

It w'as prepared by the action of sulphuryl chloride (3 g.) on 
malon-dipropylamide (2 g,) in the usual way. The solid product 
was crystallised from benzene in shining cubes, m.p. 108-109 \ 

It is fairly soluble in acetone, sparingly so in benzene, alcohol, 
chloroform, toluene, acetic acid, carbon tetrachloride, ethyl acetate 
carbon bisulphide, ether and nitrobenzene, but insoluble in light 
petroleum. (Found: Cl, 27'83. C^H, oOa^^aClg requires Cl, 27*82 
per cent.). 

Dichlorom alon-mono-pdolylaniide. 

It was prepared from malon-mono-p-tolylamide (2 g.) and sul- 
phuryl chloride (2 g.) in the usual way. A white solid was obtain 
ed, which on crystallisation from benzene melted at 145-146°. 

It is fairly solilible in acetone, ethyl acetate and ether, sparingly 
so in benzene, alcohol, chloroform, toluene, ac^^^^^tic acid, carbon bi- 
sulphide and* nitrobenzene, but almost insoluble in petroleunf* and 
carbon teferachlorid^. (Found* Cl, 27*1, CjoIJ,oO,N,01, require^ 
Cl, 27*17 per cent,). 
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» 

Preparation of Malon-di-m-tolylaviide . 

*Malonic ester and pure ni-toluidine were taken in molecular 
proportions in a flask provided with a cork, through which a wide 
tube passed. This tube was bent at the top and was fitted into 
a condenser. The length of the tube from the cork upwards to the 
bend at the top measured 15 cm. The flask was put in a para- 
ftin-bath and maintained at 130-11:)' for four hours, when alcohol 
distilled off drop by dr »p. The temperature at the end was raised 
to 150'’, The rate of the distillation was so regulated that for every 
drop of alcohol distilled, fifteen drops of the liquid ^turned to the 
flask. This increased the yield of the diamide. The liquid was 
then transferred to a mortar, whore it solidified on cooling. The 
solid was extracted with alcohol and finally washed with a little 
ether. When crystallised from acetic acid, it was obtained in brilli- 
ant needles, m.j), 15*2". 

It is fairly soluble in chloroform, ethyl acetate and niti'obenzene, 
sparingly so in benzene, alcohol , acetone,, toluene, acetic acid, 
carbon tetrachloride, carbon bisulphide and ether, but almost in- 
* soluble in light petroleum. (Found: X, 08. requires 

N, 9‘y per cent.). 


Dichlnrnmalou-di^m-ioujla midc dirhlnridv . 

On treating malon di-)a -tolylamide (2 g.) with sulphuryl 
cb^prifle (4 g.) in the usual way a white mass was deposited on 
standing. The resulting product was crystallised from benzere in 
cubic crystals, m.p. 1()4'\ 

It is fairly soluble in acetone, sparingly so in benzene, alcohol, 
chloroform, toluene, acetic acid, ethyl acetate, ether and nitro- 
benzene, but almost insoluble jn carbon tctrachfcride and light 
petroleum. (Found : Cl, 33*51. C » ^OaNjCl* requires Cl, 33*78 
per cent.) 

Dichloro malon-monochlorphcuylamide. 

This compouncf was prepared from malon-pciono-phenylamide 
(2 g.) and sulphuryl chloride (3 g.^ in the same ^ay as the 
precnfJing chloride.* After the reaction w^as over, .the product 
^pystalliseci immediately on cooling. On jjecrystallising from 
benzene, it yielded shining pearly plates, m.p. 136°. 
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It is fairly soluble in acetone* ethyl acetate and ether, sparingly 
so in benzene, alcohol, chloroform, toluene, acetic acid*, carbon 
tetrachloride, carbon bisulphide and nitrobenzene, but alnlost 
insoluble in light petroleum. (Found : Cl, o7*()7. ClpH^O.N.Cl, 
requires Cl, 37 ’80 per cent.) 

Dichloromalon-tli-fi-naphthylamidc dichloridc . 

The above compound was obtained as a white amorphous 
powder, when malon-di-/8-naphthyiamide and sul^nuryl chloride 
were treated id the usual way. It was crystallised from benzene, 
in which it is difficultly soluble, in shining crystals, m p. 183°. 

It is sparingly soluble in benzene, alcohol, chloroform, toluene, 
acetic acid, carbon tetrachloride, ethyl acetate and nitrobenzene, 
but almost insoluble in light petroleum, acetone, carbon bisulphide 
and ether. (Found : Cl, 29'25. C, ,H, Cl* requires Cl, 28'84 

per cent.) 

yio nochloro umlon-diinethylphenyla midc. 

Malondimethyl-phenylamide (2 g.) and sulphuryl chloride 
(2 g.) were made to react in the usual way described. The auior- 
phous white product, when crystallised from absolute alcohol, 
yielded colourless prisms, m.p. 187°. 

It is fairly soluble in chloroform, sparingly .so in acetic acid, 
ethyl alcohol, acetone, toluene, ethyl acetate, nitrobenzene, and 
carbon bisulphide, but nearly insoluble in light petroleum, carbon 
tetrachloride and ether. (Found ; Cl, 11’44. C,,H,,6,X,C1 
requires Cl, 11*2 per cent.) 

This chloro-compound was prepared by West!/. Chem. Sue., 
1022, 121 , 2196) by direct chlorination of the amide. 

Chlnra malon-di-a-naph th yla oiide- dichhnid c ' 

This compound was prepared from malon-di-a-naphthylamide 
(2 g.] and sulphuryl chloride (2*5 g.) in the usual way. The mass 
obtained, when crystallised from benzene, gave pure shining cubic 
crystals, m.p. 182°. 

It is fairly soluble in chloroform and nitrobenzene, sparingly 
so in benzene, alcohol, acetone, toluene, acetic acid and ethyl 
acetate, but nearly insoluble in light petroleum, carbon tetrachloride, 
carbon bisulphide, and ether. (Found ; Cl, 23*41. 

Clg requires Cl, 23*28 per cent.) 
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ChloTomethyl-chloromalondi'phenylamide. 

ThB above substance was prepared from methylmalondiphenyl- 
amide (2 g.) and sulphury 1 chloride (2 g.) in the usual way. 
The solid was precipitated from a large quantity of petroleum. 
On crystallisation from a small amount of benzene, it gave 
shining pearly {flates, m.p. 128°. 

It is fairly soluble in acetone, ethyl acetate, chloroform, ether, 
and nitrobenzene, sparingly so in benzene, alcohol, toluene, acetic 
acid, carbon* tetrachloride and carbon bisulphide, but almost 
insoluble in light petroleum. (Found: Cl, 2ri8.«C,gH,4^0xN,Cl, 
requires Cl, 21*05 per cent.) 


Chloromethyl-chloromalon-di-o-tolylamide, 

This compound was obtained from methylmalon-di-o-tolylamide 
(2 g.) and sulphuryl chloride (2 g.) as above. The white solid, 
on crystallisation from a benzene-petrol mixture, gave a feathery 
mass, m.p. 130°. 

It is fairly soluble in acetone, ethyl acetate and nitrobenzene, 
sparingly so in benzene, alcohol, chloroform, toluene, acetic acid, 
carbon tetrachloride, carbon bisulphide and ether, but insoluble 
in light petroleum. (Found: (.'1, 19'83. t.’ , sOjX, Cl, requires 
Cl, 19*43 per cent.) 


(Uiluwmethyl-chlornmahin-di-p-folyla in ide . 

m 

The above compound was obtained as shining white needles, 
when methylinalon-di'/^-tolylamide (2 g.) and sulphuryl chloride 
(2 g.) were izfade to react in the usual way. It was recrystallised 
fro*m benzene, in which it is sparingly soluble : m.p. 138°. 

The solubility of the chloride was of the same order as th^ 
preceding chloride. (Found: ftl, 19*81. CigH, gO,N,Cl, requires 
Cl, 19*43 per cent.) 

The authors desire to e.Ypress their gratitude to His Highness 
the Maharaja Gaek war's Government for a grant by which the 
expenses incurred^in this research were met. 

CBEUlBTBr Depaktment, 

Tbe Golleoe, Baboda. 
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Preliminary Note on the Action of c^/o/o-Hexene Oxide 
on Alkali and Ammonium Halides. ' 


By Hemekdka Kumau Sen and Chittaranjan Barat. 

la tho course of a fermentative experiment, it was found necess- 
ary to treat an aqueous suspension of cycio-hexene oxide with a 
• saturated solution of ammonium chloride. The aqueous layer was 
noticed to have acquired slight alkalinity to litmus and in the 
course of two days the layer of ci/cio-hexene oxide*settled to the 
bottom. By this time the alkalinity had developed to such an 
extent that the ammonium chloride solution could be titrated with 
N/IO or N/IOJ sulphuric acid with methyl orange as indicator. 
The oxide (0‘93 g.) and ammonium chloride (oB'og.) made up to 220 
c.c. by water and a few c. e. of alcohol, gave a closely agreeing cons- 
tant for a pseudo-inonoinolecLilar reaction, tho mean value of which 
was 0'116 at 34°. The proportions were 1 mol. of cyclo-hexene oxide 
to 100 mols. of ammonium chloride. The percentage of conversion of 
eyeZo-hexene oxide into ehlorhydrin was found at equilibrium to 
bo about 80. 

It was thought that probably tho slight basicity of cyclo-hexene 
oxide was responsible for the alkalinity developed in ammoniuni 
chloride solution, but on treating a strong neutral solution of KCi 
KBr 01 KI with a few drops of cye/o-hexene oxide as above, the 
alkalinity developed readily in a few minutes in the order, Kt, IvBr, 
KCl. The development of free KOH in potassium halifle solutions 
.can be demonstrated by adding a drop or two of phenolphtbalq’ij 
to the reaction mixture : a pink colour develops which can be dis- 
charged with carbonic acid. After a short time the colour reappears 
showing tho further progress of the reaction as explained below. 

O 

* A 

CH— CH 

CH,< >CH. 

' CHi-CH, +KX+H.0 

— CH.CH, 

>CH0H+K0H 

, CH, CHX 

This explanation, however, is tentative. ^ 

Dbpaktwbnt of !^pplied CHBMi3TaT, Bcceiped November 16, 192fi. 

UnIVEBSITT *Coi,LROB Of SciKNOK, •- 

Cabcotta. 



Pyrylium Salts and ^jpii'O-Dipyrans. Part I. Ck>n- 
densation Products from o-Hydroxy-aldehydes and 
a-Alkylated ^‘ketonic Esters. 

By Satish Chandua De. 

Synthesis of anhydropyranol or pyrylium salts have teen in- 
vestigated by a large number of investigators (Wagner and Billow, 
Ber., .1901, 34 , 1195 ; Dilthoy, J. pr. Chcm., 1904, 70 , 275 ; 1916P, 
94 , 72; Schneider and Hops, Ber., 1922, 56, 277ro. The methods 
depend chiefly on the use (i) of a phenol and a substance containing 
the group, CilO CH, 'CO and (ii) of an o-hydroxy aldehyde and a 
substance containing the group "C’H.'CO — .The pyrylium salt is iso- 
lated in the form of a ferric or perchloric acid salt. The following 
examples exhibit the relations between the two methods : 



CO-Ph 
1 — 
CH, 



OH 

+ 


cO'Ph 

1 


CH 

// 


HOCH 




Up till now, f>-hydroxy-aldehy(les have not been condensed with 
a-alkylated /J-ketoriic enters, although )8-keto.nic esters, C./7., aceto- 
and benzoyl-acetic esters have been condensed with o-hydroxy 
aldehydes to coumaronc derivatives (Kostanecki, Ber,, 1908, 41,^ 
1148) using piperidine ns the^ condensing agent.* In the present 
communication, which is of a preliminary character, the author has 
described the behaviour of o-hvdroxy-aldehydes towards «-alkylated 
/3-ketonic esters in presence of gaseous hydrochloric acid. *It has 
been found that those ketonic esters containing only one reactive 
hydrogen atom in the alpha position readily react with the aldehy- 
des to yield highly coloured benzopyrylium salt*. Iji each case two 
molecules of the nldehydo and one of the ester yield a 3-alkyl-2- 
|^o-lfydroxystyryl)-benzopyryliuin salt. An unsucce&ful attempt 
was made* by the author to prepare a pyrylium compound from,ace« 
tos^etic ester and salicylaldehydo in presence of hydrochloric acid,« 
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The reaction product, which had an intensive red colour, did<*not 
respond to the usual properties of pyrylium salts or of couch arones. 


0 



CO 

CCOCH3 


CH 



COOCi 


CH^-COCH, 


Steel 


A. 



CCH, 

c-co^et 


Cm 

As to the mechanism of the reaction in the formation of pyrylium 
salts, it is presumed that the first phase of the condensation involves 
the eliminatioif of the carbethoxy group and the formation of a 
primary 2 : 3-dialkylbenzopyrylium salt. The second phase in the 
condensation depends on the presence of a reactive 2-methyl group 
(Plancher, Gazeetta. 1898, 28 , 417; Dilthey, 1923,86,1012; 

Mills, J. Chem. Soc., 1922, 121 , 2724) which condenses with the 
second molecule of the aldehyde producing 3-alkyl-2-(o-hydroxy 
8tyryl-)-benzopyrylium salt. The following example explains the 
reaction. 


a“" 


COCH, 

CH< 

^COOtt 



Peer 


OD 


cm«ch*c^h^oh 

CM, 


The above explanation for the mechanism finds support from the 
following observations : — 

(i) The pyrylium salt derived from a-methylacetoacetic ' ester 
and salicylaldehyde is identical with that prepared from salicylal- 
dehyde and the 2 ;3-dimethylbenzopyrylium ferric chloride of 
Decker {Annalen, 1909, 364 , 371. («) 2-Phenyl-3-methylbenzopyry- 

lium perchlorate obtained from salicylaldehyde and propiophenone by 
Decker's method is identical with that derived from salicylaldehyde 
and a-methylbenzoyl acetic ester. The close resemblance between 
the two synthetic methods is thus represented : — 




COPh 

1 


CHj- CHj 


By hydrolytic decomposition of the o-hydroxystyryl benzppyry- 
linm salts, the pseudo bases, 2-hydroxy-2-(o-hydroxy8tyryl)-a-ohro- 
mooes could not be isolated; the alcoholic and phenolic hydrc^yl 
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m^npa react with the elimination of a molecule of water and forma- 
tion; of apiro-dipyrans (Decker, Ber., 1908. 41, 2997; Annalen, 
1908, 364; 37). The rptro-dipyrans, which are colourless, are 
converted by strongf acids into the highly coloured hydroxystyryl 
benzopyrylium salts. The cycle of changes is represented below. 

O ‘ HO O OH .. o y s 

oor'"P - ca--^ - 

H H M 

Expbrimbntai.. 

fi~Methyl-‘2-(o‘hydroxystyryl)-benzopyrylium chloride. 

A mixture of salicylaldehyde (2 mols.) and a-methylacetoacetic 
ester (1 mol.) was diluted with dry ether and dry hydrogen chloride 
gas was passed into the ethereal solution, cooled by ice, for 2 to 
8 hours. The deep coloured crystals that separated were filtered, 
washed with ether and dried in a vacuum. It was obtained in deep 
red needles having a coppery lustre, m.p. 200°. (Found : C, 72 '53 ; 
H, 6’26, CigHijO.Cl requires C, 72‘36 and H, 5'03 per cent.) 

3-Methyl-2-{o-hydroxy8tyryl)~benzopyryUuni ferric chloride . — 
(af The pyrylium chloride was dissolved in glacial acetic acid 
and toAhis was added an acetic acid solution of ferric chloride.* The 
ferric salt separated as a red fiocculent precipitate which, when 
orjj^tallised from acetic acid, was obtained in red needles, m.p. 180°. 

*(6) 2 :3-Dira ethyl benzopyrylium ferric chloride (Decker, loe. 

cH.) was heated with salicylaldehyde in acetic acid solution. On cool- 
ing and allowing*to stand, the ferric salt separated in long needles; 
it vrsCa washed with ether and dried, m.p. 180°. (Found; C, 47'17 ; 
H, 3*51. C, gH, gO.FeCl* requires C, 46’85 ; H, 3 '25 per cent). ■ 
* Q~MeihyU2-{o-hydroxy8iyrylf-benzopyrylium perchlorate was 
obtained by adding perchloric acid to the pyrylium chloride dissolved 
in acetic skcid. The deep red crystals that separated were "filtered, 
washed with acetic acid and then with ether, m.p. 244°. (Found: 

•C, 59*69 ; H, 4*35. C,gHi,0,Cl requires C, 69‘57 ; H, 4'19 per 
cent.) r 

S^Methyl-spiro-dihenzopyran. 

^ Tflie decomposition of the above ferric salt was effecte.d 
in the following way. The salt was intirrtfctely mfxed with 
anhydrous sodium acetate and the mixture was suspended 
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in ether to which strong ammonia solution was added drop' 
by drop. The mixture was frequently shaken and the addition 
of ammonia was continued till the colour of the ferric salt disap* 
peared. The reaction product, which remained in solution, was 
filtered from ferric hydroxide and was obtained In crystals on the 
evaporation of the ether. Purified by crystallisation from petroleum 
ether, it was obtained in white needles, m.p. 80". (Pound: 
C, 8173; H, 5’91, CjgHi*©, requires C, 82 01; H, S 70 percent.) 

It is soluble in alcohol, benzene and ether; difficultly soluble 
in petroleum ether. From the colourless solution the pyrylium 
compound is precipitated as the ferric salt by means of hydrochloric 
'acid and ferric chloride. 

S-Benzyl-2-{.o-hydroxy8tyryl)-hemopyrylium chloride. — a-Benzyl- 
acetoacetic ester (1 mol.) and salicylaldehyde (2 mols.) were mixed 
with dry ether and dry hydrochloric acid gas was passed as in the 
previous case. The highly coloured solution was allowed to stand and 
after two days the crystals that separated in dull red needles w.ere 
filtered, washed with ether and dried. It crystallised from acetic 
acid as red needles, m.p. 129'=“. (Found: V, 77‘J3; H. 5'23. 
C.,gH|gO,Cl requires C, 76*90; H, 5*07 per cent.) 

3-Bemyl-2-{o-hydroxy8tyryl)~bemopyrylivm ferric chloride was 
obtained by adding ferric chloride to the pyrylium chloride dissolved 
in acetic acid. The ferric salt separated in red needles which, after, 
crj'stallisation from acetic acid, had m.p. 194°. (Found: C, ,')3*81 ; 
H, 3*76. CjgHj.OjFeClg requires C, 53*03; H, 3*63 per cent.) ** 
S-Benzyl-2-{o-hydroxy8iyryl)‘benzopyryUum perchlorate was 
prepEured by adding perchloric acid to the pyrylium chloride solution 
of acetic acid. The red crystals were filtered, washed with ether and 
. dried, m.p. 234°. (Found: C, 05*91; H. 4*45. C,.H,gO,Cl 
requires C, 65*60; H, 4*37 per cent.) 

ii‘Bcnzyl-spiro-dibenzopyran was obtained by the decomposi- 
tion of 'the above perchloric acid salt by the method already used. 
The crystals obtained by the evaporation of the ether were dissolved 
in benzene with the addition of animal charcoal, and from the 
solution on concentration the benzyl-spiro-dibeuzopyrnn was obtain- 
ed* m.p. 126°. (Found: C, 85*41; H, 5*64. requires C, 

85*17; H, 5*36 per cent.) 

It is insoluble in petroleum ether and easily soluble in ethor, 
benzene and alcohol. From the colourless solution the pyrylium 
compound is obtained as its ferric salt by hydrochloric acid* and 
ferric chloride. 



1?XRYL1UM SALTS AND sptro-DIPYRANS 

- 3-Methyl-2-{o-hydroxy-a-bemo8tyryl)-^-naphthopyryUum ferric 
chloride. — ^/3-Naphtholra-aldehyde { 2 mols. ) was dissol-ved in glacial 
%ic^ic a«id and to the solution a-methylacetoacotic ester (I mol.) 
waS added and the mixture, after saturation with hydrochloric acid 
gas with cooling, was kept overnight after which it was warmed 
on the water*bath for several hours. The deep coloured crystals, 
that separated from the solution of the pyrylium chloride on the 
addition of ferric chloride, were filtered, washed with aeetic acid and 
finally with ether. (Found: C, r>r>-84; H, 3 5G. C,,H, ,0,FeCl* 
requires C, Qa«61; H, 3'38 percent.) 

3-M€thyl-2-{o-hydroxy~a-benzo8iyryl)-fi-naphtho‘^yrylium perch- 
lorate was prepared by adding perchloric acid to the solution of the 
pyrylium chloride. The crystals were filtered and crystallised from 
acetic acid; m.p. above 308®. (Found: C, 67’28 ; H, 4‘27. CjgH,* 
PoCl requires C, 67*43; H, 4'15 per cent.) * 

B-MethyI-spiro-2 :2'-di{fi-naphthyl-5 :6-pyran-i :2) was obtain- 
ed from the above ferric salt in the usual way using benzene in 
which it is soluble. The benzene solution was filtered from solids and 
boiled with animal charcoal; and from the filtrate on concentration 
• colourless, crystals were obtained, m.p. 200\ (Found: C, 86*33 ; 
H, 5*28. C,gH,,0, requires C, 86*15 ; H, 6*02 percent.) 

The sptro-dipyran is insoluble in ether and petroleum ether; 
readily soluble in hot benzene or toluene. The colourless solution, 
on boiling, assumes a blue-violet colour which disappears on cooling. 
Frond the colourless solution the pyrylium salt is again obtained 
as its ferric salt by adding hydrochloric acid and ferric chloride. 

3- Benzyl -2-{o~hydrvxy-<L-benzo8tynjl)-&-naphihopyrylium ferric 
chloride was obtained from /f-naphthol-a-aldehydo (2 mols.) and * 
a-benzylacotoacctic ester (I moi.^ in glacial acetic acid solution 
which was siA:urated with hydrochloric acid gas with cooling. The 
infxturu was then warmed on the water-bath for several hours. 
From the pyrylium chloride solution the ferric salt yus precipitated* 
by ferric chloride; the crystals were- filtered, washed with acetic acid 
and ether, and dried. (Found : C, 94*12 ; H, 5*88. C’ H,#0,FeCl* 
requires C, 94*35 ; H, 5*65 per cent.) • 

3~Beneyl-2-{o~hydroxy-a-henzostyryl)‘fi-naphthopyryliutn per^ 

chlorate was prejjjared by adding perchloric acid to the acetic acid 
solution of the pyrylium chloride. The crjistals were filtered, 
washed with ethor|nnd dried, m.p. 204®. (Found T C, 71*50 ; H, 
.•4*26. C, H,;0,C1 requires C, 71*28 ; H, 4*31 per cent.) 
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8-Ben«yI-Rpiro-2 : 2'-di(i8-rtapfe<feo-5 : 6-py ron-1 : 2) . — The above 

ferric salt was decomposed as before. The benzene solution sras 
boiled with animal charcoal, filtered and to the filtrate petroleum 
ether was added when the sptro-dinaphthopyran separated in colour* 
less crystals, m.p. 205®. (Found: C, 07'88 ; H, 5*46. 
requires 0, 87*64 ; H, 6*78 per cent.) 

2-Phenyl-Q-meihyl-benzopyryliutn perchlorate.— {a) A mixture 
of o-methylbenzoylacetic ester (I mol.), salicyl aldehyde (1 mol.) and 
perchloric acid (1 mol.) was diluted with ether and the ethereal 
solution saturated with hydrochloric acid gas. Thd' mixture was 
allowed to stand when the orange coloured crystals gradually 
separated. After two days these were filtered, washed with ether 
and crystallised from acetic acid in orange needles, m.p. 179®. 

(5) Propiophenone (1 mol.), salicylaldehyde (1 mol.) and 
perchloric acid (1 mol.) were dissolved in ether and through the 
ethereal solution hydrochloric acid gas was passed. The orange 
needles that separated were crystallised from acetic acid ; m.p. 
179®. (Found: C, 59*68 ; H, 4*28. C,,H,,0,C1 requires C, 

59*87 ; H, 4*08 per cent.) 

A benzopyrylium salt has been obtained from salicylaldehyde 
and methylethylketone identical with that prepared from salicyl- 
aldehyde and a-methylacetoacetic ester. This part of the work 
will be described in a subsequent paper. 

IVfy best thanks are due to Prof. J. C. Ghosh and Dr. P, 0. 
Ouha for their kind interest and encouragement during this 
investigation. 
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Protective Action of Rochelle Salt on 
Cupric Oxide Sol. Part I. 


By S. K. Basu and M. Lakshman^vn. 

The stabilising action of electrolytes on sols is well known, 
and instances of protection by ions of higher valency are also 
common where protection is preceded by a reversal of charge on 
the colloid. Friedemann and Neisser {Mxinich Medical Weekly, 

1903, No. 11, 51) as well as Bechold {Zeit . physical, Chem., 

1904, 48 , 38.')) were the first to observe this reversal of charge 

on hydrophobe sols. Buxton and Teague (Zeii. physikal. Chem., 
1907, 57 , 64, 76) in the case of platinum sols and ferric chloride, 

Kruyt and van der Speck (Koll. Zeit., 1919, 25. 17) in the case of 

negative ferric oxide sol imd disodium hydrogen phosphate, and 
Powis (J. Chem. Soc., 1915, 107 , 818) also in the case of 
negative ferric oxide sol have studied this reversal of charge in a 
quantitative manner. 

The following is an attempt to study the coagulation by an 
electrolyte of a sol the charge on which has already been reversed 
by another electrolyte. Thus cupric oxide sol prepared by Bredig's 
method w'as treated with varying concentrations of Kochelle salr, 
when reversal of charge was found to occur and the sol found to 
be^ rendered alkaline and more^table. If the condfentration of the 
Bochelle salt in the mixture is well above 0'(K)3 millimoles per 
litre the charge -reversal takes place without any previous coagu- 
lation. 


Experimental. 

• 

The cupric oxide sol was prepared by the electfical dispersion 
Ijaethod of Bcedig. * The electrodes were of pure electsolytic copper 
•^ires of 2 mm. thickness and six to seven inches Jn length. 
The make and break between them was secured by the use 
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of a light electric mo^r which kept one of the electrode^ 
in constant vibration. (Paine, Kolloidchem . Brihefte, 1918^ 4 , 
16.) « * ' 

The spark-gap was about I mm. and a current of 8 amperes at 
65 volts was used. Water redistilled in silica vessels and stored 
up in Jena glass vessels was used as the medium. 

The light green sparks between the electrodes generated, after 
about fifteen minutes, a light green liquid, and as the sparking 
continued, the colour deepened till after an hour’s sparking a brown 
liquid resulted. Thus every time a 500 c.c. Jena beakerful of sol 
was obtained, which, after settling, was stored in a large hard glass 
bottle for the following experiments. The amount of copper was 
determined iodometrically by means of thiosulphate and was found 
to be 0*0392 gm. of copper per litre. 

The coagulation values of sodium sulphate for the pure sol as 
well as for the sol protected by different concentrations of Rochelle 
salt were found in the usual manner, keeping the volume constant 
in each case. The time allowed for the precipitation was three 
hours. A difference between the coagula of the unprotected and 
protected sols was noticeable : the coagulum of the protected sol' 
consisted of particles much finer than those of the other. 

The protected sol could also be reduced by glucose and hydrogen 
peroxide, etc., to an unstable cuprous oxide sol with a red-gre&n 
fluorescence. Also, when the Rochelle salt was particularly .dflute, 
e.g., 0*003 millimoles per litre, it no longer protected the sol but 
coagulated it. 

Table I shows the relation between the concentration of Rochelle 
salt employed for protection and the corresponding coagulation 
values for sodium sulphate. These results could bo repeated 
and a fair agreement obtained. Fig. 1 exhibits the relation 
between the ebneentration of Rochelle salt and the corresponding 
coagulation values for sodium sulphate and Fig. 2 illustrates 'the 
relation' between the logarithms of the said quantities. 

That the protection afforded was duo to reversal of charge was 
verified by coagulating the protected sol with sodium sulphate and 
calcium sulphate. The coagulation values are given in Table II. ’ 

Another important fact observed was that when the concentra- 
tion of Rochelle salt in the sol was greater tb^nn 800 millimoles per 
litre, the sol* began to dissolve, there resulting in about 12 hours’ 
time a blue-green l>olution. ' ' i 
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Table I. 


Rochelle salt in millimole^ per litre. 

nil 

0*017 
•q 033 
0 042 
0*050 
0*007 
0 084 
0*107 

0 251 
0-334 
0*501 
0*068 
0*835 

1 •0C»2 
1*253 


Coagln. values for Nss SO« in milli- 
moles per litre. 

0*123 

0-187 

0*461 

oe^b 

0 772 

’ j*155 

1‘531 

4*030 

j 

! 

j ii-n.-.u 

I 17 -330 

j 2C-720 

! 3»V870 

! 

i 48 140 

j 77-oeo 


Table II. 


Conln. of Roclu'llf salt Coagulation value of Na ! Coagulation value of Ca 
(milliuQclei per litre! in inillimolos per litre, ; in millimoles per litre. < 

— — . • ■ ' 

0*6667 53*34 1*76 


Since PochoUo salt is optically a(*tivo and the sol itself inactive, 
its adsorption by the latter was next investigated with the polari- 
metor. To 10 c.c. of sol n known volume of standard Rochelle salt 
was added and th^ total volume made up to nO c.c. with distilled 
wattr. Bochelle salt solution us in above was nextteade up to 50 
ff.c. with distilled water alone. The rotations ^iven by •these were 
compared. By increasing' the volumes of the standard Bochelle salt, 
folfi^ion by stages eight sets rotations with and without sol were 
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taken. The rotations were observed with a two-deoimotre tube ; -the 

, i" 

source of illumination was an electric arc, the light from which was 
rendered monochromatic by a dichromate filter. As the arrange- 
ment was not very sensitive, suflBcient reliance cannot be placed on 
these results. 

The polarimetric readings were interpreted as follows. The 
rotation obtained with the sol to which Kochelle salt was added was 
assumed to be proportional to the equilibrium concentration, and the 
difierence between this and the rotation given by pure Kochelle salt 
of the same con^ientralion was taken as being proportional to the 
amount adsorbed. 

The results obtained are tabulated below, the graphs showing the 
relation between the equilibrium rotation and the amount adsorbed, 
as also that between the logarithms of the two quantities are given 
in Figs. 3 and 4. 

Taule ni. 


Botation of the equitn. cooca. of 
Rochelle salt. 

0 - 22 ® 

0 34 * 

O-SS** 

0 - 68 * 

0 * 81 ® 

102 " 

116® 

2 35 ° 


Kotn. coDg. amt. adsorbed 


O'Or 
0 02^ 
003 ® 
004 ® 

I 0 05 ® 

i oor 

0 08 ®. 

' 011 “ 


In the above experiments care was taken not to let the concen- 
tration of the Rochelle salt overstep the limit where it dissolves the 
sol in course of time. 

To make a closer study of this phenomenon of protection, experi- 
ments on absorption spectra were tried. On the addition of 
Rochelle salt to the^sol, a slight change as regarus transparency was 
observable — ^perhaps due to a change in the size of the particles— 
and this induced the attempt. The absorption spectra, were photon- 
graphed both in the ultraviolet as well as in the visible region. 

Since on the addition of Rochelle salt to the sol no characteristic 
change was deducible from photography in the ultraviolet, attention 
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w»8 turned to photography in the visible region. The constant- 
deviatidn spectrometer of Adam Hilger was used with Kodak's 
special rapid panchromatic films. 

No perceptible distinction between the spectra of the sol with 
and without Itochelle salt was noticeable, both in the ultraviolet 
and the visible Itpectrographs. 

Surface tension and viscosity measurements of the unprotected* 
and protected sols were also made. But the results obtained did 
not characteftse any difference ; so that no fresh light could be 
obtained from these experiments. 

Conductivity measurements, however, go to show that the sol 
containing a known small concentration of Rochelle salt is more 
conducting than conductivity water containing the same concentrfl* 
tion of the salt. 

Table IV. 


Cone, of Rochelle salt. 


8* 75 mm. per litre. 


Conductivity in reciprocal ohms. 


Id water 

Id sol 

0 0291 

0*0298 


That protection is preceded by a charge-reversal was conolusiveJy 
established by cataphoretic experiments. The pure sol began 
clear away from the anode in about 2 to 3 minutes and ^ 
to rise in the cathode limb. On the other hand, the protected sol 
which contained 80 millimoles of Rochelle salt per litre took about 
fifteen minutes before it began to wander away from the cathode. 
Th*a8 while the pure sol is positively charged, the protected sol 
carries a negative charge. ^ 

Discussion. 


As a consequence of reversal of charge one should differentiate 
between two coagulation values, a lower one corresponding to the 
original sol and a higher one corresponding to the reversed sol. There 
is hardly any doubt that a reversed sol is quite » different sol from 
the original one, a¥ for its eo^ulation, it is again Ihe oppositely 
•hailed ions*that are responsible according to theii* adsorbability 
"iftid valency. Extensive work in this directipn is laching : but a 
few measurements of Friedemann and Neisser (loc. cit.) show it , 

5 
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distmotJy. They showed that the coagulation values of maatix 
sol reversed by ferric chloride and aluminium sulphate are *60 
millimoles and 1'7 millimoles per litre respectively. This 
corresponds to the big difference in coagulation values of chlorine 
ions and sulphate ions for positive sols. 

Instead of taking the same electrolyte for reversal of charge 
and subsequent coagulation, different electrolytes were taken, i.e., 
Bochelle salt and sodium sulphate. The stabilising action of 
Rochelle salt was shown to be limited, however, two factors. 
In very small soncentrations, it coagulates the sol; and in fairly 
large concentrations it dissolves the copper oxide and presents 
a slightly alkaline and light blue solution . In the intermediate 
^concentrations, it has been shown that progressively increasing 
protection is afforded by lai^er and larger concentrations of 
Bochelle salt used ; the coagulation values of the electrolyte sodium 
sulphate go on increasing with increasing concentrations of the 
protective agent between the limits (a) of coagulation at the first 
critical potential and (b) of solution by the latter. 

It is well known that organic ions show generally greater 
adsorbability than simple inorganic ions. If the organic ion in 
question, besides being highly adsorbable, has a high valency a 
reversal of charge is what is to be expected. Such -is the case with 
the ta/trate ion with respect to copper oxide, it is evident from 
the data given (Table I, Figs. 1 and 2) that the adsorption of 
Bochelle salt by copper oxide sol increases with the concentration 
of the former. If it is assumed that at the coagulation point ‘;ne 
charge on the protected sol is lowered to a minimtim value, namely, 
the first critical potential of Powis, then this lowering is brought 
about, no doubt, by the adsorption of the alkali ion. If a 
further assumption is now made that owing to the very dilute 
nature of the sol and the dilute sature of the protective electrolyte 
contained in it, the amount of an ion adsorbed is small compared 
to the amount of electrolyte added, then Freundlich's isotherm 
may be written as 

o=KC^ 

where a is^ the amount adsorbed and C, the amount of 
electrolyte added. This, of course, is a first ipproximation. The 
tartrate adsorption may thus be expressed by 

a»=KC, 


1 
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where at is the amount of tartrate ion adsorbed against C, the 
gcon*cent^tion added. Similarly 


*N.=:K,CNa- 


will express the delation between the amount of alkali ion adsorbed 
and the concentration of sodium sulphate added. Assuming then • 
an equivalence in adsorption between the tartrate ion and the 
coagulating scsliiim ion, at the point of coagulation 

Kc/-=K.Ci,^i 

so that if the coagulation values for sodium sulphate are plotted 
against the Ifochelle salt concentration, Freundlich's adsorption 
isotherm ought to result. That it is so is borne out by Fig. 2. 
That the adsorption of tartrate follows Freundlich's isotherm is 
further shown by the results obtained from polarimetric measure- 
iiients as given in Table III (Fig. 4). It is remarkable, however, 

» that the curves (Figs. 1 and 3) bend towards the adsorption axis 
instead of the concentration axis as is generally the case, and yet 
Freundlich’s adsorption isotherm is obeyed. 

, The luck of any definite results from absorption spectra both in 
the visible and ultraviolet regions may be partly due to the defect in 
the source of light, whose intensity could not be controlled and 
niaintained constant, even for the short time of exposure, and 
{%rtly to the very dilute nature of the sol which was subjected to . 
these investigations. A characteristic difference in spectra was 
indeed once obtained which, however, could not be repeated. 

. It has been previously stated that Rochelle salt protects copper 
oxide sol between certain limits. At the lower one coagulation* 
oocurs and at the higher solution takes place. *The process of 
solution near about this higher limit is a slow one and no sudden 
change is brought to light. It follows clearly from this tbtit adsorp* 
tion is merely the first stage in chemical action. When the tartrate 
ions are preferentially adsorbed by the copper oxide particles, 
hydroxyl ions make their appearance in solution, and when these 
reach a certain concentration, probably a readjvutment in the 
^forces of valqpcy oclburs, and a new compound is formed. The nature 
.‘Qf ttis new compound has been the subject of study of the next 
part. It* appears also that the presence lif hydroxyl ions i^ 
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necessary for the formation of the new blue compound* and a 
limiting value for such concentration can be laid down. « , • 

One is indeed tempted to ascribe the protective action to 'the 
formation of a second colloid within the first. During the process 
of sparking, copper oxide particles, some copper ions and hydroxyl 
ions are formed. Of these, the copper oxide particles adsorb the 
less mobile copper ions, thus forming a positively charged sol, 
with a surrounding second layer of hydroxyl ions. When Bochelle 
salt is added the tartrate ion is adsorbed in excess forming negatively 
charged colloidal copper tartrate and displacing the hydroxyl ions. 
These in turn react with the copper tartrate forming a soluble 
basic tartrate ; thus results the blue liquid for the higher limit 
of the Bochelle salt concentration. 

C 

Summary. 

(1) The protective action of Bochelle salt on copper oxide sol 
was studied ; a relation between the protecting power and the 
concentration of protective agent was obtained on the basis of the 
coagulation values of the protected sol. Thus the coagulation values 
for sodium sulphate were found to increase with the concentration of 
Bochelle salt employed as a protective agent. When the logarithms 
of the coagulation values are plotted against the logarithms of 
concentrations of Bochelle salt used, a straight line was obtained. 

(2) The adsorption of Bochelle salt by the sol was fvirther 
studied with the polarimeter and Freundlich’s relation was found 
to hold. 

(3) The curves obtained showing the relation between concen- 

tration and adsorption were found to be bent away from the con- 
centration axis, unlike the ordinary isotherms. “ 

(4) A comparison of the absorption spectra of the protected And 
the pure sol wap made by taking photographs both in the visible 
and ultraviolet regions. 

(5) Cataphoretic experiments showed that the protection by 
Bochelle salt was due to a reversal of charge. 

(6) A mechanic of protection and coagulation has been 
suggested. 
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On a New Series of Double Sulphates of the Copper- 
Magnesium Group and the Sulphonium Bases. 

Part I. 

By PsArui.LA Chandra KAy and Nikmai.knddnath R^Y. 

Sulphonium compounds have long been known. The starting^ 
point of preparing the various sulphonium compounds is generally 
the sulphonium iodide which is obtained by the condensation of a 
sulphide with an alkyl iodide. Thus triethyl sulphonium iodide is 
obtained according to the reaction, 


(C.HO.S+C,H.-I=(C.H,),SI. 


By far the more important compound of this class is the hydro- 
xide which is obtained by treatment of the iodide with moist silver 
oxide. The sulphonium hydroxides have been found to be strong 
bases |knd are comparable to the hydroxides of the alkali metafs, the 
1 eats of neutralisation and other physico-chemical data of these two 
classes of bases being very nearly the same. It thus appears that 
thef corresponding salts of the sulphonium compounds will be 
well-defined crystalline salts and will behave similarly to the salts 
of the alkali metals. Now, it is a well known fact that the simple 
salts of the alkali metals form double salts with the salts of various 
metals such as mercury, gold, platium, cadmium, iroQ> copper, etc. 
Thd sulphonium sidts are, therefoihe, likely to produce such double 
salts. In fact Stromholm (Bcr., 1898, 81 , 2288) has obtained double 
salts of sulphonium chlorides with mercuric chloride. Klinger'and 
Massen have obtained double salts of sulphonium chlorides and iodides 
with iodides of cadmium, mercury, platinum, gold, tin and arsenic. 
Unnolen, 1888, 218 , * 193; 1889, 282 . 241). Blattley {Monatth, 1919, 
10 . 417) has obtai^gied double salts of trimethyl* sulphonium 
h^lid^ with metallic halides. 

• • Uptil n^w no double sulphate has been obtained from the sulpho- 
nium sulphates and other metallic sulphates. It is well known that 
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sulphates of certain bivalent metals yield, as a rule, with alkali 
sulphates as also with the sulphate of ammonia, double sa^ts o^ the 
type, 

M''S0*M',80.*6H,0, where 

M^=:Fe (ous), Nl, Co, Zn, Mn, Mg, Cu, Cd, etc., 
and M'=K, Na, (NH.), etc. 

Sulphates derived from strong organic bases are also known to form 
double salts with these metallic sulphates and are either exactly or 
very similar to, the type mentioned. Thus Grossman and Schuck 
(Z. anqrg. Chem., 1906,50, 27; Chem. Zentr., 1906, II, 1048, 1243) 
describe a double sulphate of ethylamine sulphate and zinc sul- 
,phate, (C,HsNH,)aH,S0t*ZaS0«*8H,0 and Grossman, Schuck and 
Steinmetz (Z. anorg. Chem., 1906, 50, 29; Ch«ni. Zentr., 1906, II, 
1048, 1243) described the double salt (CH.NH,).SO.*ZnSO.-6H,0. 
With ethylene diammonium sulphates of the above bivalent metals 
Grossman and Schuck {loc. cit.) have also obtained double sulphates 
containing four, six, and eight molecules of water of crystallisation. 
Becently similar double sulphates have been obtained by Canneri, 
[Qazzetta, 1925, 55, 611) from guanidine sulphate and these metallic 
sulphates in which case the salts are of the type M"SO*'M',80** 
6HiO. In all these double salts it is found that the organic 
sulphates behave like sulphates of the alkali metals. It was, 
therefore, expected that sulphunium sulphates will also behave 
similarly. Consequently it was found desirable to study the interac- 
tion of the sulphates of the .sulphonium bases with the vitriolic 
sulphates. 

The expectation has been only partially realised. Double 
sulphates of triethyl sulphonium sulphate and the vitriolic sulph^ates 
have been obtained with this difference that instead of being 
hexa-hydrated as was anticipated « from the close analogy of 'the 
sulphonium compounds with those of the alkali metals, they are 
invariably deca-hydrated. The behaviour of manganese and 
magnesium has been, however, found to be rather anomalous, as 
the double salts, which they yield, conform to the formula 2 M'SC^,. « 
M,SO«, 11H,0. ^Double sulphates of manganese and ammonium 
(Lepierre, Cdmpt, rend., 1895, 120, 924; Bull. Soc. Chiin. 1895, [iii] 
13, 595; Schreinemakers, Chem. Weekblad, 1969,6, 131), manganese 
and potaepium (Mallet, Chem. News, 1899, 80, 800) and also ,6,^ 
magnesium and potassium (Precht, Chem. Industrie, 1880, 8, 418) 
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cgid df m^aesium and sodium (Chatelier, Compt. rend., 1896, 123, 
746]{^o{ the type 2 M"S 04 , M'^SO^ have been described but they 
eontain no water of crystallisation, whereas those which form the 
Subject of the present investigation contain eleven molecules of 
water. , 

Sulphonium sulphates have not yet been isolated and in the 
present case it has been found that on neutralising the triethyl 
sulphonium hydroxide with sulphuric acid, the sulphate can be 
obtained in solution only. On being concentrated and finally 
evaporated to dryness in a vacuum it solidifies to a transparent 
glassy mass, which on being exposed to the moist atmosphere absorbs 
moisture and in a few minutes goes into solution. It was thus too 
hygroscopic to admit of direct weighing. It was also soluble in 
alcohol, as is expected in the case of an organic sulphate. In these 
respects, therefore, the sulphonium sulphates behave differently 
from the sulphates of the alkali metals. The strong afiBnity of the 
sulphonium compounds for water, exhibited by their hygroscopic 
^nature, seem to bo satisfied by a large water content of the molecule 
of the derived double sulphates. 

These double sulphates arc hygroscopic and crystallise in 
needles. They are readily soluble in water and when their 
ccmcentrated aqueous solutions are treated with alcoho^ the 
inorganic components alone separate out. On heating on a platinum 
spatula, the substances melt in the water of crystallisation and 
a^erwerds decompose wdth charring; the organic sulphur component 
is ^und to bum on the spatula and a smell of ethyl sulphide is 
distinctly perceptible. 

One remarklible behaviour w'as observed when, in the case of 
nickhl, methyl sulphonium sulphate was substituted for the 
corresponding ethyl derivative. The double salt obtained had the 
formula 2 NiS 04 ,[(GHa)jS],S 0 «, *11H,0, that is, it behaved like 
manganese and magnesium sulphates. 

Experimental. 

Preparation of Triethyl Sulphonium Sulphate. 

The method given by Oefele {Annalen, 186^, 133, 82) for the 
preparation of ^ the iddide is lacking in detail. The following proce- 
^re^ave satisfactory results. 

Thirty^two g. of ethyl iodide and 18 g. of ithyl sulfide with 
10 o^, of water were heated under reflux on a water bath for 15 to 
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20 hours till a homogeneous solution was obtained. The so/ution 
which was coloured by the liberated iodine was allowed t(/'evap3ra1ce 
spontaneously in a vacuum, when colourless rhombic plates of triethyl 
sulphonium iodide crystallised out in two or three days (yield about 
40 g.). The iodide may be purified by recrystallisation from 
hot anhydrous alcohol or from a mixture of anhydrous alcohol and 
ether. 

The iodide was then converted into the hydroxide by rubbing with 
excess of silver oxide in presence of water. The solution was filtered, 
the filtrate neutralised with dilute sulphuric acid and concentrated 
somewhat on the water-bath. As it cannot be isolated, the prepara- 
tions of the double salts had to be undertaken with the sulphonium 
r; sulphate in solution. 


Oeneral Method for the Preparation of the Double Sulphates, 

Considerable difficulty was experienced in preparing the double 
salts. The reactant sulphates were at first mixed in molecular 
proportions, the amount of the sulphonium sulphate being csloulateik 
from the amount of the iodide taken, and the solution was allowed 
to evaporate spontaneously over sulphuric acid in a vacuum. It 
was noticed, however, that under these conditions successive crops of 
thevdriolic sulphate alone crystallised out in the pure state. In one or 
two cases only, it was found that after a few crops of the pure vitro- 
lic sulphate had crystallised out and the mother-liquor hsul .become 
sufficiently rich in the sulphonium compound, the double salts hegan 
to put in an appearance. On using the metallic sulphates and the 
organic sulphate in the ratio of 1:2, the desired results were most 
strikingly secured. The double salts began to crystallise from the 
very beginning and in no case was any previous separation of the 
pure metallic sulphate observed. This peculiar behaviour was noticed 
even in the cases of manganese and magnesium compounds, where 
the ■metallic sulpates and the organic sulphate exist in the ratio 
of 2:1. 

During crystallisation the mother-liquor assumed a thick syrupy' 
state. The crystals of the double sulphates wer§ drained free from 
the mother-liquor and dried by pressing betwe,en folds of a filter 
paper and ■ analysed. The double salts are deliquescent and 
consequently unne^tessary exposure to the atmosphere has to ^>6 • 
carefully avoided. 
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|n the preparation of nickel trimethyl sulphonium sulphate the 
proportion of the components used above and the procedure adopted 
were also the same. 

Successive crops of the same preparation were collected in each 
case and found on analysis to give identical results. 

Ferrous frieihyl sulphonuim sulphate. 

If crystallised in long, white needles from solution, which was 
coloured red J^>wing to slight decomposition. The crystals too 
decomposed in a day or two giving out ethyl sulphide. (Found : 
Fe. 8-3r>; 2()-7i*; H, 7*r>3 ; SO^, 28*45. FeSt)^.[(C,H*)sS], 

SO*, lOH.O requires Fc, 8*38; (\ 21*61; H, 7*56; SC/*, 28*83 
per coni.). 

Zinc triethyl Hulphoniunt sulphate. 

The double salt was obtained in white needle-shaped crystals. 
It is fairly stable in a dry atmosphere. (Found : Zn, 9*68 ; 
SO*, 29*19. ZnSO*, 1 (C,H 5 )aS],SO*, 10H,O requires Zn, 9*67; 
SO*, 28*42 per cent,). 

Nickel triethyl sulphonium sulphate crystallised in long, greenish 
needles which are fairly stable. (Found : Ni, 8*71 ; SO*, 29*01. 
NiSO*, [(C*H*)sS],SO*, 10H*O requires Ni, 8*77; SO*, 28*70 
phr cent,). 

Cobalt tricthyl sulphonium sulphate. 

The crystals obtained were coloured pink. (Found : Co, 8*86 ; 
S©^, ^9*32; CoSO j(C,H„),,S]*SO*, lOH^O requires Co, 8*80 ; 
SO*, 28*69 per cent.), 

CCidmium ttirthyl sulphoniu^n sulphate. 

The substance was obtaiiied in white needle-shaped crystals. 
(Pound: Cd. 15-39; SO*, 27*68. CdSO* [(C.HOsSJ ,SO*, lOH.O 
requires tM, 15*56; SO*, 26*57 

Magnesium tricthyl sulphonium sulphate. 

It crystallised in long white needles. (Found: Mg, 6*37 ; 
SO*, 37*40; C, 17-.36* ; H, 6*74. 2MgSO*,f (C.H^l^Sl.SO*, 
11H*0 requires Mg. 6*26; SO*, 37*27 ; C,^ 18*63 ; H. 6*79 
per cent.). 

#* * (Swing to the volatile nature of ethyl sulphiile and sudden decomposition of 
the double Biiiphatcs daring combu.^iion, traces of the former escape* un -oxidised, 
hence the carbon often comes out slightly low. 

. 6 
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Manganese triethyl stilphonium sulphate. 

The double salt was obtained in the shape of slightly pink-coloijl’ed 
crystals. (Found : Mn, 13 0() ; SO*, 3.5 01. 2MnSO*. 

SO*, 11H,0 requires Mn, 13'16 ; SO*, 34*;)3 per cent.). 

Nickel iriiucthyl sulphoniiim sulphate. 

The double salt was obtained as green crystals. (Found ; 
Ni, 15-62; SO*. .37-74. 2NiSO* [(CH,),SJ.SO*, HH.O requirer 
Ni, 15*40 ; SO^, 30-02 per cent.). 

Ll 

The Compound of Triethyl Stilphonium Sulphate and Copper 
^ Sulphate. 

The behaviour of copper sulphate with triethyl sulphonium 
sulphate was also studied. The sulphate solutions were mixed in 
the usual proportion and allowed to crystallise. After many days 
the blue solution assumed a very thick syrupy state from which 
after a further lapse of several days, bluish white, fine, 8 ilk 3 ' needles 
began to separate out. The crystallisation was very slow and it 
was found extremely difficult to completely free the crystals from 
the adhering mother-liquor. Since sufficient amount could not be 
collected for analysis the composition was not determined. The 
small amount collected was ver}' moist. On being preserved in a 
desiccator for a few da^'s, it turned green. The blue compound 
could, however, be reproduced on exposure of the green compound 
to the moist atmosphere. A portion of the substance was held iu a 
non-luminous flame on a platinum spatula and it was found to bum 
giving out a distinct smell of ethyl sulphide. This test suggests 
the formation of a true compound of triethyl sulphonium sulphate 
and copper sulphate. 

Further investigation is in prog;ress especially in the direction 
of the effect of substitution of ethyl by one or more of alkyl radicles 
like, methyl, propyl, butyl, etc., on the c mposition of the resulting 
double salts. 

In conclusion we beg to express our sincere thanks to Mr, 
Kshitish Chandra,. Bose -Rfty for his ungrudging help in conducting 
some of the experimental work in connection wjth the investigation. 
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Action of Urea upon thiosemicarbazides : dimultaneous 
Formation of Thiol-keto-triazolees, Amino-keto-thio- 
diazoles, Endoxy triazole and Amino-thiol- 

triazoles. 


By PIIAPHUL1.A (/llANOUA GUUA AND PrATUL ChANDUA SeN. 

• 

1 :4-Disubstituted thiosemicarb azides exist in, two isomeric 
forms and their structure has been a subject of controversy between 
Busch and Marckwald. Marckwald {Tier., 1802, 25. 3098) and Dfxon 
(J. Chem. Soc., 1892, 81,1012) explain this phenomenon on stereo , 
chemical grounds and Busch (Ber., 1901, 34 , 320) explains it as being 
due to structural isomerides of the type H,N — NR — CS — NHR 
and NHR'NH’OS’NHR. No such isomerism is known to exist 
among 4-monosub3tituted thiosemicarbazides; still it cannot be said 
that there is no possiblity of the Hyn-atiii isomerism of Marckwald 
with them, whilst Busch’s position isomerism is out of the ques- 
tion. 


H, X— N 
li 

HS— c:— NHR 

{»yn) 


H.N— N 
II 

RHN— C— SH 


(anti) 


The present investigation was undertaken with the object of 
e^icidating the nature of 4-mono-substituted thiosemicarbazides by 
observing their reaction with carbamide. Four different compounds 
are simultaneously formed in the reaction and their formation can 
be explained oA the assumption that the thiosemicarbazides react 
both in the ayn- and the aaft-forms. The formation of 1-phenyl- 
2-keto-5-thiol>2 :3-dihydro-i :3 :4-triazole from 4-jj^henylthio8emi- • 
carbazide may be explained b)^ assuming the thiosemicarbazide 
to react in its unit -form, thus : 


NHN 

I II 

OC C.SH ( Type I ). 

V 

NPh 

JSuch keto-thtol-triazoles were prepared by Freund and Schandei 
18118, 29 , 2500), Arndt. Milde and Tschepscher (Bcr., 1922, 
56,^341) and by Fromm and Nehring (Ber., 1923, 66, 1370). 


NH, 

I H.N— N — 2NH, 

CO + II 

I PhNH*C-8H — ► 

NH. 
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The formation of 2-keto-5-phenylamino-2 :3-dihydro-l ;3 :4 
thiodiazole necessitates the assumption of the ayn-torm : 

NH, H,N— N 

do + 

I HSCNHPh 

NH, 

Similar keto-amino-thiodiszoles were prepared by Busch (Bcr., 
1901 , 34 . 320, !5328; 1902, 33,973; 19<»4. 37 . 2333; 1909, 42 . 4763; 
1911, 44 , 561, 1580) and by Nirdlinger and Acres (J. Amcr. Chcjti. 
8oo., 1922, 44 . 224). 

The compound formed at an intermediate stage during the for- 
mation of 2 ; 5-endo3ty-l :3 :4-triazoie may owe its formation to the 
anti-form of the thiosemicarbazide. thus : 

NH, H,N— N 

I il 

CO +PhNHC*SH 

I 

NH, 

Whej* this loses a molecule of sulphuretted hydrogen, the oxygen 
atom forms a bridge between the 2 : 5-carbon atoms so as to yield 
the endoxytriazole : 

NH-N 

I il 

OC C'SH 

V 

NH 

• 

Though Marckwald, Busch and others prepared derivatives of 
endoxy-f endothio- and endoimino-triazoles*', the parent endoxytri- 
azofe has been prepared for the first time by the present authors. 

Besides the three compounds mentioned above there is obtained < 
l-phenyl'2-phenylamino-5-thiol-l :3 ;4-triazole, a for the formation 
of which urea is not required : one molecule of the thiosemicar- 
bazide in the ayn-iorm reacts with another in the imfi-Joraa with the 

* • • 

, • • 

• Schneider, J. pr. dtum., 1890, 67, 263 ; Marckwald, Ber., 23, 3118; 

1896, 29, 3933 ; Baacfa, loc. cU ; Nirdlinger and Actee, toe. cit. 


N— N 
il II 

►HO C C SH 

V 

NH 


N— N 
II II 
coc 

V 

NH 


( Type III ) 


NH N 


PhNH,-fNH, + OC eSH 
V 

NH 


NHN 
— 2NH, I II 

— > OC C NHPh ( Type IV ) 

V 
S 
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splicing oflE of one molecule of sulphuretted hydrogen and one 
i&iolecule*ot hydrazine, thus ; 


N-NH. 

tl 

FhNHC-BH 


H,N— N N — 

, II ii il 

PhNH C-SH=H,S + NH, NH, +PhNHC C SH 

V 


KPh 

( Type 11 ) 

These four typSs of compounds have been obtained also from 4- 
tolyl- and 4'XylyI-thiosemicarbaKides. • 

Urea reacts with thioseiuicarbazide to give only two compounds, 
vtM,, dihydroketo-thioltriuzole and endoxytriazule, thus: 


NH. H.N— N 

I + II 

OC— NH, H.NOSH 


-2NH, 


NH N 

I 11 

OC CSH 
V 
NH 


— H.S 

> 


N — N 
I! ti 
C OC 
V 

NH 


' Seeing that the endoxy compound is invariably formed in the 
above reacti(jn8, it was naturally expected that the action of urea 
upon semicarbazide would y’ield this substance. In fact, it is 
farmed, in good yield, when urea acts upon seinicarbazide, to the 
exclusion of other compounds. Evidently, the reaction proceeds 
thus : 

H,N H,N— NH 

• I I — 2NH, NllNH — H,0 N— N 

CO + CO > i 1 > 11 It 

j I OC CO COC 

H,N . NH.. V V 

NH NH 


JiXPERJMENTAL . 

• • 

Four substances are produced simultaneously in the reaction 
between urea and a A-Tt-thiosemicarbazide. These substances, the 
isolation of which depends on their respective solubilities are there- 
fore taken in the following order: Type I, readily soluble in water; 
Type 1 1 , soluble in ^Ikaline solution; Type Til, soluble in boiling 
water; Type IV, insoluble in water and in alkaline solution. 

Urea and 4-Ph%nylthioHv tnirarhazidv . — 4-Phenylthioseniioarba- 
/j^eTlO g ) and freshly dried urea (8 o g.) were thoroughly ^mixed and 
heated in* an oil-bath at UlO-ldS® during 11%’% to six hours. The 
macp began to melt at 120° and at 130° ammonia and sulphuretted 
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hydrogen were profusely evolved. After about one hour the reac- 
tion mixture assumed a brownish appearance which gradtially ^dis- 
appeared as the heating was prolonged. After five hours' heating 
evolution of sulphuretted hydrogen came to an end> but there was 
still a slight liberation of ammonia. The reaction mixture was then 
poured into warm water (200 c.c.) and the pasty mass thus 
obtained was thoroughly triturated in a mortar; on being allowed to 
stand for some time in contact with water it solidified. The 
mixture was then filtered. 

l~P3ienyl-‘2-keto-5~thiol~2 :3-dihydro-l :3 ‘.i-tria»ole . — ( Type I ). 

Iodine dissolved in potassium iodide solution was added to the 
aqueous extract in slight excess when a voluminous precipitate was 
obtained. The precipitate was washed free from iodine with potas- 
sium iodide solution« and water, and was then heated under reflux 
with tin and hydrochloric acid for about an hour when the yellow 
mass gradually went into solution. It wiis filtered hot and on cool- 
ing gave a white crystalline mass which was crystallised from a large 
quantity of water, m.p, 197°. Arndt, Milde and Tschenscher (ioc. 
ctt.) give m.p. 196-197° ; yield 0’8 g. It is soluble in alkali, gives 
insoluble lead and mercury mercaptides, and is oxidised to a yellow 
disulphide on exposure to the air. (Found: N, 20*32. C«H, ON, S, 
H.Orequires N, 19‘91 per cent.). 

The Disulphide . — The yellow precipitate obtained by the addition 
of iodine to the aqueous extract was further purified l>y crystallisa- 
tion from dilute alcohol, m.p. 290°. Arndt {loc. cit.) gives m.p. 
286“. (Found :N, 21 '23. C,oHi,0,XoS, requiresN, 21’98 per cent.). 

The Dimethyl Derivative . — The phenyl triazole (O'o g.) was dis- 
solved in dilute potassium hydroxide solution and shaken vigorously 
with methyl iodide (2 c.c.) for a few minutes when a white 
crystalline precipitate separated : it crystallised from water 
in fine soft needles, m.p. 110.“ (Found: N, 18'88. C,oHtiON,S 
requires N, 19*00 per cent.). 

The solid insoluble product was thoroughly triturated in a mortar 
with normal sodium hydroxide solution when a portion was found 
to have gone into, solution ; the mixture was filtered. 

l-Phenyl-2-phenylamino-5-thiol-l : 3 :4~triaMole . — (■ Type II. ). 

The filtrate was neutralised with dilute hydrochloric pcid when r. 
white amorphous precipitate was obtained. It was crystallised from 
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dilute acetone, m.p. 210°; yield 1*8 g. (Found: S. 12*27. 

requires S, 11*94 per cent.). It gives an insoluble disulphide 
with' iodine. 

The methyl derivative was prepared by shaking the above subs- 
tace (0'5 g.) in sodium hydroxide solution with methyl iodide (8 
0.0.) . It was cryiftallised from dilute alcohol; m.p. 209°. (Found: 
N, 19*23. Ci,Hj 4 N 4 S requires N, 19*86 percent.). 

The benzyl derivative was prepared by heating molecular quanti* 
ties of the thiol compound and benzyl chloride in alcoholic sodium 
hydroxide solution (I mol.) under reflux for about^ half an hour. 
After removing the alcohol, the residue was freed from Sodium 
chloride by washing with boiling water. Finally, it was crystallised 
from dilute alcohol, m.p. 153-1.54°. Fromm (Annalen, 433, 1) gives 
m.p. 164°. 

2:5-Endoxy^l :Q: 4-triazole . — { Type III ). 

The insoluble residue was boiled repeatedly with large quantities 
of water and filtered hot; the filtrate gave a beautiful white crystal- 
line mass which was crystallised from a large quantity of water, 
m.p. 2.50°; it is insoluble in alkali and acetone ; yield 2 g. (Found : 
N, 50-82. C,HON, requires N, 50-60 per cent.). 

* Yl’Acetyl-endoxytriazole . — The above endoxy compound (1*5 g.) 
was iJOiled under reflux with acetic anhydride (5 o.c.) for three 
hours and the reaction mixture poured into water : a white preci- 
pitate was obtained which was crystallised twice from water; m.p. 
242°. (Found: N. 33 .55. C^HjO.N* requires N, 33-60 per cent.). 

2-Keto~5-phemjlttmino-2:'A-dihydrQ-\ :3 :4-thiodiazale . — (Type IV) 

The residue insoluble in water and aqueous alkali, after crystal- 
lisation from dilute acetone, had • m.p. 246° ; yield (5*5 g. (Found: 
N. 21-3. CgHjONgS requires N, 21-76 per cent.). 

Urea and p-Tolylthioscmicarbazide. 

An intimate mixture of 4-p-tolylthiosemicarbazide (9 g.) and 
freshly dried urea (7*5 g.) was heated in an oil-bath at 130-135° for 
about six hours whe|i ammonia and sulphuretted hydrogen were 
profiwely evolved. By following the process of extraction gone 
ftfluugh injthe previous ease, an aqueous extriyct and a solid were 
obtained. 
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laolation of the Disulphide of l-Tolyl-2-ketO‘5-thiol-2'i3-di~ 
hydro-l :3 :4~triaiiole. — ( Type I ). 

The aqueous extract gave with iodine solution a voluminous 
precipitate which was washed with potassium iodide solution and 
water and was further purified by precipitation 4 ^om an alcoholic 
solution by the addition of water, m.p, 175°; yield 1 *3 g. (Found; 
N, 20’55. C,BH,eO,NoS, requires N, 20*38 percent.). 

Dimethyl derivative. — The disulphide (J g.) wa^ reduced with 
tin and hydrochloric acid by heating under reflux for about an 
hour. The disulphide gradually went into solution and on diluting 
this, i white precipitate was obtained. The precipitate after being 
washed several times with w’ater was quickly dissolved in alkali and 
shaken well with methyl iodide (2*5 c.c.). After some time a white 
crystalline mass separated which was purified by crystallisation from 
w*ater, m.p. 142°. (Found: N, 17*92. C,,HjsON,S requires 
N, 17*87 per cent.). 

The solid, left after the product of reaction was digested with 
water, was treated with alkali when a portion went into solution. , 

l-'£olyl-2‘tolylamino~5-ihiol-l :S :4‘triazole — ( Type II ). 

The alkaline solution gave a white amorphous precipitate on 
acidification with hydrochloric acid, which was crystallised from 
dilute acetone, m.p. 187°; yield 1*5 g. (Found : S, 10*85. 

N 4 S requires S, 10*81 per cent.). It gives a yellow disulphide 
with iodine. 

Benzoyl derivative. — The above substance (0*6 g.) was dissolved 
in alkali and shaken with benzoyl chloride (3*5 c.c.). A faintly 
yellow precipitate separated; this was collected, washed with dilute 
alkali and water, and crystallised from acetone, m.p. 100 °. 
(FoundrS, 7 *, 86 .C,,H,oON 4 S requires S, 8*0 per cent.). 

Methyl derivative. — Methyl iodide (3 c.c.) was added to on 
alkali solution of the substance (0*6 g.) and the mixture was 
vigorously shaken when a crystalline precipitate separated : it was 
crystallised from water, m.p. 178°. (Found: N, 18*04. C,,H,gN*S 
requires N, 18*06 per cent.). 

*•* 

'2:5-Endoxy-l:S:4-triazole. — ( Type III ). 

The residue was treated with a large quantity of boiling v(ater; 
the filtrate gave crystals, m.p. 250°, in every respect identical with ' 
the substance obtained from 4-phenylthiosemicarbazide. 
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2-Keto-5-to/ylanimo-2 :{i-th'hi/dro-l :3 :4-thiodiai(ole . — ( Type IV ), 

*Thc BoIiU which remained after treatment with boiling water was 
crystallised from alcohol (90 per cent.), m,p. 227® (Found: N, 
20*13. CgH.ON.S requires N, 20*29 percent.). 

Urea and Xylyl-ihio$emicarbazide. 

A mixture of 4-xylyl-thiosemicarbazide (10 g.) and freshly dried 
urea (7*5 g.) was heated at 130-140® for about six hours during 
which ammonia end sulphuretted hydrogen were profusely evolved. 
The same process as before was followed for separating the four 
products of this reaction. 

l-Xylyl-2~keio-5-thiul-‘2 :3-dihydro-l :3 xA-triazole . — ( Type I ). 

As in the case of the phenyl and tolyl compounds, a yellow in- 
soluble disulphide was obtained from the aqueous extract. This 
was reduced with tin and hydrochloric acid : on dilution with water 
the solution gave a white crystalline precipitate. It was thoroughly 
, washed with water, crystallised from dilute hydrochloric acid 
npd dried in a vacuum desiccator, m.p. 195® ; yield 0*6 g. (Found: 
N, 19*32. CioH, ,ONj,S requires N, 19*00 per cent.). 

Thr Disulphide. — The crude disulphide obtained by the addition 
of iodine to the aqueous extract, was purified by dissolving in 
acetone and precipitating with water, m.p. 240°. (Found: N, 
19*17. requires N, 19*09 percent.). 

The solid, insoluble in water, was treated with dilute alkali when 
a pertion went into solution. 

^-XyhJl^2-xylylamino-o-thiol~\ .*3 :4-triazole . — ( Type II ). 

The alkaline Extract on acidification with dilute hydrochloric acid 
gave *n white amorphous precipitate which, after crystallisation from 
acetone, had m.p. 2(X)°, yield 0*8 g. (Found : S, 9*39j^ 
requires S, 9*87 per cent.). * 

2:li-Endoxy-l :3:4-triazolc. — ( Type III ). 

The residue was boiltwi several times with large quantities of 
•water. The aqueous solution yielded a substance, m.p. 250'’ identi- 
ctal with the endoxytfri azole alrojiidy obtained. 

2~Keto-5-xylylamMo-ri-thiol-l :3 :4-thiodiazolc. — ( Type IV ). 

* • * * 

• 4rhe insoluble residue was crystallised from dilute acetone, m.p. 

*218-219“. (Found; N, 18*07 . C,„H,iON,S requires N, 19*00 per 
cent.?. 

' A 
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Vrea und Thiosemicarbasidc. 

f « 

A mixture of fhiosemicarbazide (0 g.) and fresJiIy dried* urea 
(10 g.) was heated for six hours at 125-130” during which ammonia 
and sulphuretted hydrogen were evolved. The molten mass was then 
well ground with water in a mortar and the solid^ residue was found 
to be insoluble in alkali. It was crystallised from a large quantity 
of water when it melted at 250”. It was found to be identical with 
the endoxytriazole already obtained. 

'Isolation of Keto-thudfriazolr DiHulphide. 

The cold aqueous extract was treated gradually with iodine 
solution when a yellow precipitate was obtained which dissolved 
again on shaking. After iodine was added in cx<*.os8, the solution 
was evaporated to half its bulk and cooled when a small quantity 
of a white crystalline precipitate came out, m.p. 246”. As the 
yield of the disulphide was very poor, the parent substance (thioura- 
zole) could not be prepared. Arndt, Milde and Tschensch^r 
(loc. cit.) give the m.p. 246° for the disulphide. (Found : N, 36-9§i. 
C4H*0,NeS, requires N, 36*26 per cent.). 

Action of Urea upon Semicarbazidc. 

f 

A mixture of semicarbazide (5 g.) and freshly dried urea (10 g.) 
was heated at 140° for about six hours. By following the* process 
indicated above, endoxytriazole melting at 250° was obtained ; yield 
4 g. Neither the aqueous nor the alkaline extract gave any.dther 
compound. Evidently, the reaction proceeds in this case only in 
one direction. 

The action of thiourea upon semicarbazides and thiosemicarba- 
zides is being studied and will form the subject of a subsequent 
communication. 

Our thanks are due to Sir P. C. Ray and Dr. J. 0. Ghosh for 
the kind interest they have taken during the progress of this in- 
vestigation. 

fteceived Jiih) 2i, 

Cbiuioai, Labor atobv, 

Tbr Dmivfbsitt, Dacca. 



Formation of Heterocyclic Compounds. Part II. 

By Hkmendka Kumar Sen and Umapbosanna Bose. 

In a system* containing a conjugated double bond of the type 

III ’ 

0=C — C=CIi, the ethylenic linkage is generally found to be^ more 
active than the carbonyl (Harries and Lellmann, Ber., 1897, 30 , 
230, 2726; Harries and Jablonski, Her,, 1898, 31 , 1371 ; Vorlander, , 
Be^r., 1894, 27 , 2053 ; Annalen, 1897, 294 , 273; Lapworth, J, Cheni. 
Soc., 1904 , 85, 1214 ; Knoevenagel, Brr., 1904, 37 , 4464 ; Sen 
(lupta, J. Chrm. So(\, 1915, 107 , 1347). To ascertain the posi- 
tion of the ethylenic bond is thus a matter of considerable importance 
• in determining the constitution of synthetic products derived from 
•uch systems, three types which may be cited for our present pur- 
{lose : 

III I I p III 

• 0=C— C=C’.1{ C) _C=t’.OH ()=C— 0= C(OH). 

T. II. 111. • 

These represetil Ijen/vlideuo acetone, hydroxymcthylene ketone 
aiKf»acetyl acetone respectively. It is usually found that in the 
first case the ethylenic linkage is more reactive than the car- 
bonyl. Thus in tjie reduction of unsaturated ketones of the general 
formvjla, IljC=CH'(’0'R, the ethylenic linkage is the one which 
is primarily attacked whilst (he carbonyl group is affected only secon- 
darily (<:/. Harries, loc. (•«/.). The same is true of tfie addition of 
hydroxylamine, ammonia (Koehl and Dinter, Her., ItKIS, 36 , 172), 
hydrogen cyanide, etc. (c/. Lapworth, lor. cif.). Vorlandei' (Ber., 
1894, 27 , 2053) has shown that the ethylenic linkage alone is invol- 
ired in the reaction bet ween sodium malonic ester and derivatives of 
cinnamic acid. CoH* OH=CHCOX, where X ^represents any 
group. There are, however, examples which do not mipport this 
view, such as thp reduction of cinnamyl formic acid to phenyl-hydro- 
xyiiy>eiY)tonic acid (Rrlenmeyer, jun., Brr., I9t)3, 86 , 2529 ; 1904, 
*37, 1318), atd the addition of hydrogen cyanide and magnesium 
meth)4 iodide to the carbonyl group of cinnamic aldehyde (Kohler, 
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Amer. Chem. J., 1904, 81 , 642 ; 1905, 83 , 153, 333 ; 1907, 36,529). 
liike most chemical hypotheses, therefore, the principlS thah in a 
conjugated double bonded system the ethylenic linkage is more 
reactive, requires to be critically examined before the few exceptions 
like those mentioned above could be regarded as arguments against it. 

In a system of the second type, as shown iTy one of us (Sen 
Gupta, loe. cif.), the ethylenic linkage, is far more reactive than the 
carbonyl. Thus the condensation of hydroxymethylene cyclohe- 
zanone and cyanacetamide leads to the formation *of quinoline and 
not tsoquinoliae derivatives, as proved definitely by the isolation of 
pui^ quinoline by zinc dust distillation. 


CHj 

CH 


c», 

: 0 " 

CH. ' 




C«, H 


CHOK 


CO 


CH. 


CO 

CM-CW 


CH, CH 

Quinoline. 


CH, H 
CH, CH 


CM, 


CH, N 


CH 


Arguments may be put forward against this conception on the ground 
that hydroxymethylene ketones are also capable of existing in the 
keto-aldehyde phase and that the formyl group which is thus pro- 
duced in the molecule, being more reactive than the ketone, gives 
rise to the same set of products as demanded by the superior re- 
activity of the ethylenic linkage. J3ut since the identical quino- 
line derivative was obtained by condensing either hydroxymethy- 
lene csrcfohexanone or its acetate. 


CH,— CH, 

CH.< >CO 

CH, C = CH‘OCOCH, 

with cyanacetiamide, the main theorem that the ethylenic linkage 
in a conjugated system is more reactive than the ketonic group, 
is not affected thereby. 

Quite different is the case with 1 : 3-carbonyl compounds, for, 
like the unsaturated type (I) or hydroxymethylene ketones (type II), 
they do not possess any ethylenic bond in themselves as represent- 
ed in the ordirary structural formulae. l( is only when they 
tautomerise to their enolic modifications, that conjugated double 
bonds of the same type as in (I) and (II) are set up. The question 
now arises whethe* in reacting with such compounds, the ethylenic 
linkage formed is responsible for the initial condensation or the 
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carbonyl group* remaining as such, becomes the centre of reaction ? 

* A* suitable reagent to test this point is found in cyanacetamide 
where the methylene group is readily reactive. The point here is 
whether the addition of the methylene group takes place at the 
double bond, or it reacts with the carbonyl group with the elimi- 
nation of water? 

In the literature which has special reference to the chemistry, 
and condensation of iS-diketones (or )8-ketonic esters), the work of 
Moir (J, Chc'fn. Soc., 1902, 81, 100) and that of Simonsen (J. Chevi, 
8oc,f 1908, 93, 1022) are noteworthy. The forever is significant 
from the fact that Moir thoroughly investigated the compound ob- 
tained by condensing acetyl acetone with ethyl cyanacetate in the 
presence of an excess of ammonia, and claims to have established 
the mechanism of all such reactions. According to him, the first 
part of the reaction involves the formation of cyanacetamide and 
aetyl acetonamine which then react with each other to give the 
closed ring system as shown below* : — 


CH^CO 


CH + 2NH, + 
II 


CH„-COH 


CH«CN 

I ' 

CO — 
OC.Hn 


CH,CO 

OH + 
B 

OHa.C.NH, 


CH.'CN 

CO-f HtO + C.H.OH 
NH, 


I 


CHa.C = C.CN 
CH CO 

I 0 I 

CH,.C— NH 
(IV.) 


+ NH^ + H.O 


A^oir preferred this mechanism owing to the reason that on heating 
acetylacetonamine with cyanacetmethylamide, the sole product 
wf the reaction was the V-meUiyl derivative of (JfV). But the re* 
action is quite as readily explained by applying the general theorem 
upheld in this investigation : • 


f’H.'CO HN*CH, CH.CO HNTH, CH,-C(OH)HN CH, 

'll II Hi 

CH + CO — ^ CH* CO — > CH CO— > 

( NH, CH.CN ( H,C CH ON ( H,C « « »C“CN • 

^ NH, 


CH.C— N*CH.n 
« I 
CH CO 

I i 

1 «C CN 


’ If iCjoir's explanation were general, tho/sondensation of hydro- 
xymethylene cyclohexanone with cyanacetamide should yield an 



54 


H. K. SKN AND U. BOSE 


tsoquinoline derivative, whereas this is nut the case. Moreover,^ 
identical products are obtained whether one condenses hy^roxyiAe- 
thylene cj/cZuhexanone with cyanacetic ester iii alcoholic ammonia, 
or the amide of hydroxymethylene cyclohexanone with ethyl cyan- 
acetate in presence of diethylamine or piperidine (Sen Gupta, too. rif., 
p. 1355). 

The next point to be considered is, Which of the carbonyl groups 
enolises in the case of a iS-diketone? If symmetrical groupings 
be present in the molecule such as in acetyl acetone, the question 
does not arise. *The case of unsymmetrical ^-diketones, such as 
benzoyl ocetone, has been thoroughly investigated by Bardhan 
(Thesis for the D.Sc. Degree of the University f)f t’alcutta. 1924), 
v<ho finds that the negative nature of the group favours enolisation 
which determines the more reactive centre of condensation. Whether 
the presence of one of the kotonic groups in a cyclic compound influ- 
ences its activity was necessarily considered ti> be of imi>ortance in 
establishing the general character of Bardhan ’s hypothesis. As 
already mentioned Hoc. cU.) if the enolisation is not exclusively- 
limited to one particular ketonic group, there would be istaneric 
condensation products possible. Accordingly acetyl cyclohexanones 
were taken and the cottrse of their reaction with cyanacetainide was 
studied in the presence of Knoevenagel’s as well as Michael’s*' 
reagent', with u view further to examine the directive influence of 
these condensing agents. 

The exporiinentul evidence so far shows that acetyl cyclohexanone^ 
and cyanacetainide condense to give rise to a mixture of quinolttfe 
and isoquinoline derivatives, thus indicating that the reduced cyclic- 
residue has no special directive influence on the enolisation. But 
that the enolisation of a carbonyl group is at the bottom of such 
' x-eactions is proved by a significant negative result obtained in the 
course of this investigation on atte-mpting to condense 2-ac,etyl-2- 
methyl-cyclohexanone-l with cyanacetamide in presence of piper- 
idine. , No ‘condensation product could be readily obtained, but on 
keeping the reaction mixture overnight, a very small quantity of a 
substance was isolated which on methylation melted at a temperature 
almost identical with the melting point of the cmriFound obtained by 
methylating the condensation product of acetyl-ci/clohexanone and 
cyanacetamide.. There was no doubt thal in the .exi»erimqnt . 
recorded ace^ylcyrlohexanone was methylated, as by heating the inc-, 
thylated acetyl-cyclohexanone with potash, o-inethyl-cycloh'exanone 
was obtained (vide Experimental part). The removal, therefore, -. I 
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the liibile hydrogen atom necessary* for the enolisation of the ke tonic 
group l^d rendered Kuch condensations impossible or at least very 
difficult (cf, Uogerson and Thorpe, J. Chetn, Soc., 1905, 87 , 1685; 
Haworth, J. Chem. 8oc., 1909, 98 , 480). The small quantity of 
product that separated could have thus been possible from any the 
least quantity of acc5tyl-ei/e/ohexanone escaping methylation. Of far 
reaching consoquencti is the interpretation of this negative result, as 
it further disproves the ordinarily accepted mechanism of Knoeven- 
ageFs reacticyi (r/. Ingold, J. (Jhem, 8oc,, 1921, 119 , 829). 

It is next of importance to decide as to which of the two groups, 
methylene (CH,) or the amide of cyanacetamide takes the precedence 
in the addition to the enolised double bond. As the electropositive 
character nf the admidie hydrogen is far less than that of the 
methylene hydrogen of cyanacetamide, it is highly improbable 
that the former should add on to the dotiblo bond in preference to the 
latter. Besides the production of quinoline derivatives in the 
(condensation of hydroxymothjdene ketones with cyanacetamide (J. 
(■hem, .Soc., 1916, 107 , 1347) definitely establishes the greater 
sffinity of the methylene group for the double bond in a conjugated 
system. This fact goes directly against Moiras hypothesis. It should 
be mentioni*d in this connection that Moir's preference to his own 
mechanism of reaction was greatly actuated by his supposed difficulty 
of eliminating a molecule of w^ater for the cdosure of ring wh(^ alkyl 
subsftiiuled amides were taken. That this difficulty is imaginary 
was shown by our method of representing such reaction (loc. cit.), 
rfle had not also thought of the other contingency, namely, substitu- 
tion of a metliyb'ju! hydrogen atom of cyanacetamide by alkyl. This 
we have done and found that acetyl-ri/c/ohexanone and methyl- 
cyanacetamide, C'N.CH(t"Hs)C'(>.NH, yield the same product as 
tKe one from acelyl-ci/c/ohexanoue and cyanacetamide itself, elimina- 
ting thus not two molecules of water, but one molecaile of water anc/ 
one molecule of methyl alcohol : 


CN, 


CN, 

n 


CO 




CH. 


CON 

CM. 


I 

^CH, 


CH, 

SCO to 


'CH,UCH 

C (OM) • 


I ^Cl«. 


CN 

4". 

CH, 


uU-c/-” 

CH, r 




CM, 


c' 

I 

CM, 


^ This again points to the correctness of our view that in a 
conjugatfbd double bonded system, the ethylenic linkage is more 
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reactive than the carbonyl , particularly in respect to cyanacetami^e 
and similar substances. Expressed otherwise, in /S-diketones ev^ * 
the ketonio group acts through setting up of ethylenic linkage. It*is 
in the light of these experiments that MoVr’s explanation of the 
mechanism of reaction between cyanacetamlde and aoetylacetone 
is discarded, as, according to him, there is no provision for the 
enolisation of the ketonic group before its reaction with the methylene 
group of cyanacetamide. 

When acetyl cyclohexanone is condensed with 05 anacetamide 
in aqueous — alcqjiolic solution in the presence of piperidine, a product 
is obtaipjid, which dissolves in alkali forming a colourless solution 
from which it is precipitated unchanged by the addition of acid. On 
l^ydrolysing the substance with fuming hydrochloric acid, the 
cyanogen group is eliminated. From the solubility or from any other 
property of the hydrolysed product, it is not possible to determine 
whether the condensation product is a mixture or a single substance. 

The reasons which have led to the conclusion that the conden- 
sation product is a mixture of quinoline and tsoquinoline derivatives 
are as follows. 

(1) On hydrolysing the condensation product, the cyanogen 
group is split oflE. The product may be a mixture of 


CHt H 

CH, e CM, 


CH, CH, 

w 

CM, C-CM. 


or one of these. The hydrolysed product (having the benzene ring 
fully reduced) yielded, on distillation with zinc dust in a current of 
hydrogen at a low red heat, a heavy liquid of quinoKne like odour. 
On redistilling the mixture over heated litharge, a purer liquid • of 
^quinoline like ^ell and colour boiling at 239** was obtained. This 
gave a picrate having a melting ^oint low’er than that of y-meth^l 
quinoline or a-methylisoquinoline. Similarly, a methiodide well 
crystallisable but of an indifferent melting point was obtained. 

(2) The condensation product gave a methyl ether which, after 
fractional crystallisation, yielded different crops having different 
melting points but Ijie same percentage composition. This is only 
possible if the mother substance be a mixture of t^o isomers. 

( 8 ) The hydrolysed products have no sharp melting'points. « 

If now tke condeqpation product obtained from aoetylc^clohexa* * 
none and cyanacetamide be regarded as mixtures it is clear that by 
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fixiBg the cnolising carbon atom one should get either a quinoline or an 
tso^inolibe derivative. Accordingly eihyl ci/c7ohexanone carboxy- 
late was taken as a suitable reagent for testing this view. The 
\ah\\e hydrogen in the caihoxylate can on\y enoWse the hetonte 
oxygen and as such the reaction with cyanaoetamide whether in the 
presence of sodium ethoxide or piperidine, should be represented as 
below. 


CN, 

esYNco j^coH 

CH,k^CM.C(^Et cH.'sJcCOjEt 

CH^ CH, 


I 


CO 




CH 

► 

CH, 


CH, CH-< 

:C‘) 

CH 


CH-cn 

CO 
MH 


The product obtained in this wny corresponds to the above compo- 
sition and melted after crystallisation at 278-280°, shrinking only a* 
few degrees earlier. This characteristic of sharp melting point is 
absent in similar products obtained from acetylci/clohexanone and 
cyanacetamide and leads one to regard it as a pure product and not 
a mixture. It would be important now to resolve this provisionally 
accepted tsoquinoline derivative into simpler products and finally 
^distil it with zinc dust to obtain i^oquinoline itself. This will be 
undertaken as soon as time and opportunity permit. 


Experimental. 

Comlensation nf 2-Acety1 cyclohexanone xriih Cyanaceinviidc. 

2-Acetyl-cj/c^)hexanone was prepared according to Leser’s 
m^IJiod {Dull, Soc, Chim,^ 1900, (iii), 23* 370; cf, Borsche, AnnaleUt 
1910, 377, 70) and obtained as a colourless liquid boiling at 108-111*^ 
under 20 mm. pressure. The yield was about 32 per cent, of the 
weight of cyclohcxanovie used. 

Cyanacetamide (0 g.) was dissolved in water by warming, and 2- 
ace^l -cyclohexanone (10 g.) added^ with just enough albohol to effect 
the solution. About one c.e. of piperidine being added, the solution 
was then warmed up to 60° when after 3 or 4 minutes crystals be|;an 
to separate. The flask was then kept for a while at a temperature 
^of about 40°, when its contents set to a crystalline solid. The flask 
was loosely corked ajid left overnight at the room temperature. Next 
day the condensation product (about 11 g.) was coUected. The 
mother-liquor, on eva\>oralion, gave about g. more of jt. 

^*^The condensation product was moderately soluble m boiling 
* glacial aoetifj acid from which it was btained in eblourless prismatic 
needlfs, darkening at 280®, and beginning to decompose at about 
•8 
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290°. This compound was already described by one of us ^ (San 
Gupta, loc. cit.), but no further work regarding its constitution was 
since taken in hand. 

The same compound can be obtained by condensing 2-acetyl- 
cycZohexanone with cyanacetamide in the presence of sodium ethoxide 
As follows.-' — Sodium (0‘3d g.) was dissolved in absolute alcohol. An 
alcoholic solution of cyanacetamide (1’2 g.) was added to the sodium 
ethoxide solution. To the sodium salt of cyanacetamide thus preci- 
pitatedf acetyl cyclohexa,none (2 g.) was gradually added with shak- 
ing. The sodium salt dissolved, and the solution, which assumed a 
deep •yellow colour, was left overnight. Next morning the solution, 
after being diluted with water, was acidified with dilute hydrochlo- 
ric acid when the condensation product (about 2 g.) was obtained. 
Crystallised from glacial acetic acid with the addition of a few drops 
of water, the product was obtained in colourless prismatic needles 
which begin to decompose above 290^. (Found: N, 14‘98. CixHj, 
ON, requires N, 14*89 per cent.). 

These condensation products are insoluble in cold water, very 
sparingly soluble in boiling water or alcohol. They readily dissolve 
in alkali to a colourless solution from which they are repreci- 
pitated unchanged by the addition of acid. Concentrated hydro- 
chloric acid dissolves them ; from the acid solution they ^ are 
pre<Mpitated on dilution with water. Ferric chloride imgarts no 
colouration to their alcoholic solution. 

Hydrolysis of the Condensation Product , — The condensation pro- 
duct (4 g.), obtained by using piperidine as the condensing agent, was 
heated with fuming hydrochloric acid (28 c. c.) in a sealed tube for 
four hours at 170°. A substance crystallised in the tube; this was 
washed carefully and recrystallised from a minimum quantity of 
water. It was found to be a hydrochloride : it forms colourless 
needles, sintering at 205° but melting completely at 252°. 
(Foimd : N, 6'84; Cl, 17'54. C,„H,sON, HCl requires N, 7’01; 
O), 17‘79 per cent.). 

The substance is soluble ip water, reacts acid towards litmus, 
forms an insoluble silver chloride with silver nitrate solution, 
and readily decolourises aqueous permanganates It is also soluble in 
alcohol to Which ferric chloride imparts a deep^red colouration. Con- 
centrated hydrochloric acid dissolves it; from €he solution it can be 
\ * 
reprecipitated on dilution with water. The hydrochloride, when . dis; 

solved in boiling water and gradually neutralised witfi sodium car- 
bonate, yields the hydroxy base which is obtained from aldbhol in 
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colourless needles sintering at 225° and melting at 235°. - The cora- 
flbvi^d has no sharp melting point. (Found: N, 8‘94. CjoHi,ON 
regiAres N, 8‘59 per cent.). 

The hydroxybaso is loss soluble in water. Its aqueous solution is 
neutral to litmus. It is soluble in alcohol, concentrated hydrochlo- 
ric acid and alkali? Ferric chloride imparts a deep rod colouration to 
their alcoholic solution. 

Reduction of the Hydroxybase . — The hydrolysed . product (7 g.) 
was intimately%nixod with zinc dust (50 g.) in an ordinary combustion 
tube with one of its ends drawn out and bent. The frant part of the 
tube contained a length of about 12 cm. of zinc dust. The distillation 
was conducted at a low red heat in a current of hydrogen, when 
ammoniacal vapours began to escape. In. course of half an hour* 
about I'o g. of a dark yellowish liquid collected. The liquid thus 
obtained was mixed with litharge in a hard glass tube closed at one 
end. This was heated to dull redness in a combustion furnace when 
a reddish yellow liquid having the odour of quinoline distilled over, 

• ammoniacal vapours escaping condensation at the same time. The 
diquid was dissolved in dilute hydrochloric acid, shaken up with ether 
to remove any non-basic impurities and reprecipitated by the addition 
of alkali. The ethereal extract of the base was dried over anhydrous 
so(^ium sulphate and distilled. A clear liquid, which soon turned 
yellow, was collected at about 239° which gave a picrate malting 
indifferently between 189° and 194° after crystallisation. Another 
crop of it was obtained from the mother-liquor which melted at 154°- 
155* sintering and moistening a few degrees earlier. A methiodide 
was obtained which also melted indifferently between 174° and 176° 
and the mother;liquor yielded a product having a melting point of 
136°-137°. [Found (for picrate, m.p. 189-94°): N, 14'78; (for picrate, 
m.p. 154-55°) N, 15'87. Methylquinoline or methyl tsoquinoline 
picrgte requires N, 15 ‘05 per cent.^ * 

Probably during zinc dust distillation or litharge oxidation the 
methyl group was partially eliminated yielding quinoline and fsoquino- 
lino. Quinoline or isoquinoline picrate requires N, 15’64 per cent. 
^That both the methyl quinolines are simultaneously formed is proved 
from the fractional iE^lation of methyl ethers. 

Methyl Either . — The condensation product (2 g.) obtained from 
acutylcyciohexanonie and cyanacetaniide was dissolved in ^dilute alkali 
apd treated with an excess of dimethyl sulphate. The solution, 

* which became warm, was then gently heated to foiling, maintained 
alksdipe and the precipitate formed collected. When .cr^aMwil^d’ 
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from water, tho methyl ether had uo sharp melting point. Bcpeated 
fractional crystallisation from water, however, gave a product v^idh 
melts at 179'’-180°. The mother-liquor yielded two crops, one fiielt- 
ing at 175"' and the other at 158'^, but sintering a few degrees earlier. 
The mixed m.p. of the first crop melting at 179"-180° with that 
melting at 158° w'as 170°-173°. The crop melting^! 179°-180° was 
recrystallised when an ether having m.p. 182°-183° was obtained 
[Found: N, 14*07 (first crop) ; N, 13*90 (second crop). 
requires N, 13*87 per cent.]. The two methyl elhfers arc therefore 
identical in composition, though isomeric. 

Condensaiion of i5~Methyl-2-ucetyl-(iy<ilohcxnonc and 
C ya nacetam idc . 

The acetyl compound was prepared in the usual way from 
o-methylcJ/(dohexanone which yields about 20 per cent, of its weight 
of 0-moth,yl-2-acetyl-c2/cluhexanone as a colourless liquid boiling 
at 116- 120° /25 mm. 

The condensation was effected, as usual, by means of piperidine. 
The condensed product was somewhat more soluble in dilute alcohq^ 
than its previous analogue. The yield in this case was about 84 per 
cent, of the theory. It crystallises from dilute acetic acid in fine 
prismatic needles, darkening above 250° and finally melting with 
decomposition at 275°. (Found: N, 14*20. requires N, 

13*87 per cent.). The substance is soluble in boiling water; it 
dissolves in alkalis to a colourless solution from which it is partially 
precipitated unchanged by the addition of acid. No methyl other 
was obtained by treating its alkaline solution with dimethyl sulphate. 

On hydrolysis with fuming hydrochloric acid, a compound was 
obtained which was very soluble in concentrated acid. It was isolated 
by evaporating the acid solution to dryness and extracting the residue 
with boiling absolute alcohol. On cooling needle-like crystals separated 
out. Becrystalliscd from rectified spirit the substance melted at 
242-243°. (Found: N, 8*15. CuH, gON requires N, 7*91 per cent.). 

The hydrolysed product is not appreciably soluble in water, and 
silver nitrate solution has no action on it. It possesses a sharp 
melting point and molts without decomposition. In this respect it 
differs from any'bf its other homologues. 

C. 

Gondenaation of 5-Mcthyl-2-aceiyloyQ\ohexanone and , 

«, Cyanacetamide . 

The dikutonu wuh obtained as a colourless oil, b.p. 128-29®/19 
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niin. The yield was about 32 per cent, of the weight of in-methyl- 
iY/c^ohex^none used. 

The condensation product was prepared as usual. Crystallised 
from glacial acetic acid with the addition of a few drops of water, 
it was obtained in prisiiiaiic needles darkening above 260*^ and show- 
ing no sign of meiting even at 280"^. The yield in this case is almost 
theoretical. (Found: N, 13*92. requires N, 13*87 

per cent.). 

The oompoFand obtained by hydrolysing the condensation product 
with fuming hydrochloric acid crystallises from rectified spirit in 
long needles sintering at 195^' and melting at 200-201°. (Found: N# 
8*23. CiiHuON requires N, 7*91 per cent.). 

Condensation of 4-McthyU2-acc(ylcyc\ohexanone and 
("yanacc ta m ide • 

p-Mothylct/cZohexanone yields 20 to 22 per cent, of its weight 
of acQiylcyclohexanono as a colourless liquid distilling between 115° 
and 120° under 22 mm. pressure. 

The condensation was brought about in the usual way. The 
reaction takes place within 5 or 0 minutes. The yield is about 78 
per cent, of the theory. From dilute acetic acid the substance 
crystallises in beautiful prismatic plates darkening above 270°. 
C^\jund: N, 13*97. CmHi^OXa requires N, 13*87 percent.).^ 

It»is soluble in <a]ka1i but no methyl ether was obtained by treat- 
ing the alkaline solution with dimethyl sulphate. Acids liberate 
the compound unchanged from its .solution in alkali. 

The hydrolysis of the conden.sation product was effected as usual 
by heating it with fuming hydrochloric acid in a sealed tube. The 
hydrolysed procluct crystallised from dilute alcohol in needles mois- 
teiTing at 210° and melting at 230°-232°. It is soluble in boiling 
water but this solution has no action on silver nitrate 

Condensation of 2-Acct yloyiilohcxanone and Methyl cyanaccta- 
wide. — Ethyl methylcyanacetale was prepared from the sqdiinii salt 
of ethyl cyanacetate and methyl iodide in the usual way. The*ester 
was then treated with strong ammonia. On concentrating the 
ammoniacal solution and cooling, a solid mass was obtained. This 
was washed with elher and dried in a vacuum desiccator. 

Methylcyanacetemide (1*2 g.) was dissolved in water by slightly 
Waianing. 2“-AcetylcY/c/ohexanone (1*7 g.) was Iheti added with 
* JVist eno\|gh alcohol to effect the solution qf the oily diketone. 
Piperidine was added ; the colour of the solution soon deepened. 



62 


n. K. SEN AND U. BOS]^ 


The flask was then heated up to 65*^. An appreciable quantity of a 
solid separated out after a short time. The flask was left a>vern^lrt, 
Next day about 0*8 g. of the condensation product was collficted 
and about 0*2 g, was found in the mother-liquor. Crystallised from 
glacial acetic acid with a few drops of water, beautiful crystals dark- 
ening above 280® were obtained. (Found: N, 14-91. 0,,H»aONji 
requires N, 14*89 per cent.). It dissolves in alkali to a colourless 
solution, from which it is precipitated unchanged by acid. It is 
insoluble in water and alcohol, soluble in concentrated hydrochloric 
acid and has properties identical with those of the condensation 
. product obtained from 2-acetyl-ci/cZohexanone and cynacetamide. 

The same condensation product was obtained by condensing 
2-acetylci/cZohexanone and methylcyanacetamide in presence of 
sodium ethoxide. It crystallises from glacial acetic acid in beautiful 
long prismatic needles. (Found: X, CuHiaON. requires 

N, 14*89 per cent.). 

Condensation of 2-M cthyl-2-acci ylcycloh exanone and Cyana- 
cctamide. — 2-Methyl-2-acetylr yciohexanono was prepared in the 
following way : — Sodium salt of 2-aoetylej/f/ohexanone was prepared© 
by adding sodium wire to a benzene solution of the diketone, and 
finishing the reaction by heating under reflux on a water-bath. The 
sodium salt was then digested with an excess of methyl iodide in a 
pressure bottle for 8 hours at 70“ . Sodium iodide formed was 
filtered off at the pump. After removing benzene from the filtrate, 
the residual liquid was distilled when a- colourless liquid (4 g.) 

boiling at 130-133 ’ under 48 mm. pressure was collected. ThaVit 
was 2-methyl-2-acetyl-cyc?ohexanone was proved by hydrolysing it 
with concentrated alcoholic potash when an oil was obtained, 
giving a somicarbazone, m.p. 195-196”. A mixture of this 
semicarbazone with that obtained from o-methylcyciohexanone ‘also 
melted at 196,°. 

2-Methyl-2-acetylci/clohoxanone (3*5g.) was treated with cyana- 
cetamide (2 g.) in the usual way in the presence of piperidine but 
no condensation product separated even after 6 hours. The flask 
' was left overnight when on the next morning a minute quantity of ^ 
a solid was collected, which dissolved in alkali^. On treating this 
solution with,,dimdthyl sulphate, a methyl ether was obtained melt- 
ing indifferently below 155“ after crystallisation from water. The 

• * t * 

mother-liquor, on dilution and acidification, became fluorescent bu^ 
no other condensation product was obtained. 
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•Condensation of Ethyl cycloHexanone Carboxylate with Cyana- 
cetdrnide*. Formation of 1: 3: 10-Trioxy-4‘cyano-hexahydroiBognino- 
ling ? — The cyclohexanone carboxylate was prepared from cyclo- 
hexanone and oxalic ester according to Kotz’s method (Annalen, 
1005, 342 , 346). Its condensation with cyanacctamide was effected 
both by Knoevenagcl’s as well as by Michael’s reaction. But the 
latter method was found to give a purer product. Cyanacetamide 
(2 g.) was dissolved in absolute alcohol by boiling and as crystals 
began to appear on cooling, sodium (0'55 g.) dissolved in absolute 
alcohol was added. To the sodium salt of cyanacetifmide thus pre- 
cipitated ethyl cyclohexanone carboxylate (4 g.) was gradually* added 
with shaking. Soon a clear solution was obtained ; but shortly after 
the sodium salt had dissolved, a beautiful silky preciptiate* 
was found in the flask and within a few minutes a thick 
sludge was formed. The flask being corked, was left overnight at 
the room temperature. Next day, water was added to make a 
complete solution of the sodium salt, which on acidification gave a 
white precipitate. This was collected and was dissolved in boiling 
alcohol ; from the solution which gradually turned pinkish the 
expected iaoquinoline derivative separated as colourless crystals. 
The compound in course of time takes a pink tinge by coming in 
cflntact with air. Kepeated crystallisation shows the same ^heno- 
menoij. It melts with decomposition at 278-280'^, sintering at 273®. 
[Found: N, 13‘i3, 13‘88. t^ioHjjOgN, (i.e. the taoquinoline 
derivative with the aldol phase on) requires N, 13 '40 ijer cent. 
Mcfct probably a trace of the anhydro base is present which increases 
the percentage of nitrogen.]. 

The substance dissolves in alkali to form a colourless solution 
from which it is precipitated unchanged by acid. Ferric chloride 
imparts a dark greenish colour to its alcoholic solution. It is provi- 
sionally regarded as an jsoquinoliue derivative (loc. cit.). 
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ARD TEOBNOLOOY, CALCUTTA. 


Rec,.ived December 18, 192G. 



Thiosalphato-Cobalt Complexes and Complex Cobalt 
Thiosulphates. Part I. 

Bv PniVADA Eanjax Eay. 

In spite of a voluminous work done on the. double and complex 
thiosulphates of various metallic elements, very little attempt has 
been made to prepare cobalti-ammine compounds with the thio- 
sulphate radicle either inside or outside the complex zone. One 
ohloro-pentammine-cobaltic thiosulphate has been described by 
Jorgensen (J. pr. Chem.t 1878, f2J 18, 212). In this the thiosulphate 
group occurs outside the co-ordination sphere. Following Werner'* 
method (dnrmf an, 1911, 386, 81) for sulphito-chloride, Duff (J. Chem. 
8oc., 1922, 121, loO) investigated the reaction between sodium 
thiosulphate and frans-dichloro-diethylenediaraine-cobaltic chloride. 
On evaporating the mixed solution the complex was found to 
decompose with the separation of cobalt sulphide. HoweVer, he 
(loc. cit.) succeeded in preparing a thiosulphato-bromide by the 
interaction of carbonato-dicthylene-diamine-cobaltic bromidb |i4th 
barium thiosulphate in a hot solution. This is the only complex cobalt 
compound described in literature with a thiosulphate group in the 
complex. The thiosulphate radicle occupies here two co-ordination 
positions in the complex and one of its sulphur atoms is directly 
linked to the central cobalt atom giving rise to the brown colour 
of the diethylencdiaminethiosulphato-cobaltic bromide. That a 
sulphur atom directly linked to the central metallic atom in the 
complex causes the brown colour of the complex sulphito- and 
thiosulphato-cobalt salts has been definitely established by Weiner 
and by DufE {loc. cH.). In the present paper, the preparation and 
properties of .a number of entirely new complex thiosulphato-cobalti- 
ammine and cobalti-ammine thiosulphates have been described. The 
methods of their preparation completely differ from that adopted bv 
Duff in the preparation of the above-mentioned thiosulphr.to-bromide 
and different methods had to be devised for different compounds 
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In all cases the starting material was either cobalt hydroxide, 
dbb^t chloride or cobalt nitrate. Sy the action of ammonium or 
sodibm thiosulphate and ammonia in varying strength upon the 
above-mentioned cobalt compounds in a current of air, the following 
thiosulphato-cobalti-ammine complexes and cobalti-ammine thiosul- 
phates have been«obtained. 


L (NH,)^Co S,0, 

I 

(NH,) Co- SO, S,0,,a;H,0 

in 

[so, Co- (OH) (NH,); ]-2H,0 
IV 

[s.O, Co (NH,) J^X 

where X=Cr 04 or S,0,. 

VII 


[co(E.),]^(S.O,)^ 

E. =Ethylenediamine. 
II* 

V 

[s.O,-Co (NH,),]X 

where X=C1, Br, I or NO, 
VI 

[(NH,)^Co(NO,)]s,0 

VII 


The cdmpounds I, VI and VII are all red or purple-red showing 
that the thiosulphate radicle is linked to the central cobalt atom 
dirtjjtly through an oxygen atom as indicated below : — 



OP 



Co-O-S 



X 


« • 

where X is either a mono-valent or a bi-valent radicle. 

Compounds III and IV are yellow and hence contain a directly 
linked sulphur atom in the complex grouping as detailed below : — 




2H,0 


All the cotAplex thiosulphato-oompounds mentioned above belong 
to the%nonoaoido-pentammine series and the thiosulphate radide 
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occupies only one co-ordination position in the complex. They all 
form well-defined crystals and are quite stable, though ij> solu^iiofi 
they hydrolyse very slowly into aquo-saUs as is usually the case With 
mono-acido-pentammine salts in which a bivalent acid radicle 
occupies only one co-ordination j)osition. 

The case of sulphito-pentarnmine thiosulphate^ (III) is of special 
interest as it is formed from the mother-liquor after the separation 
of the thiosulphato-pentammine thiosulphate. Evidently a sulphite 
is formed in solution from tlie thiosulphate during oxidation or after- 
wards. This i|5 discussed in detail in the experimental part. 


Experimental. 

ThiosiilplmiO'jycnianiniinc Cohalfic Thinsul pJiaic (F). 

Cobalt hydroxide prepared from 20 g. of cobalt chloride and 
washed free from alkali and chlorides was mixed up with 25 g. of 
ammonium thiosulphate dissolved in 25 c.c. of water. The mixture 
was then treated with 150 c.c. of concentrated ammonia (d ()‘9()=* 
25%) and thoroughly stirred. The solution was then filtered from 
the undissolved residue and a brisk ('urrent of air was passed 
through it for 3-4 hours till practically all the black crystals of oxy- 
cobali compound separated in the beginning redissolved. Some- 
times some purple-rod crystals of the thiosulphato-pcntamininc 
separated before the disappearance of all oxy-cobalt salts. The 
solution was next filtered and allowed to stand overnight in a clcs&d 
vessel. A thick crust of dark purple-red crystals was found at the 
bottom of the flask next morning. The crystals wore then filtered 
and the filtrate was reserved. They were first Avashed with dilute 
ammonia, then with alcohol and dried in vacuo over sulphuric acid. 
Yield, 5-6 gms. (Found: Co, 18*58, 18*5,18*45; S, 29*5; NH3, 
26*4,26*58. [S.Os.CoCNHj)^] requires (^o, 18*38; S, 
29‘9, NH3, 26*4 per cent.). 

The substance thus obtained is quite pure and can he recrystal- 
lized from aqueous ammonia. It is very sparingly soluble in water 
and is decomposed by mineral acids and acetic acid with liberation 
of sulphur dioxide 'ind sulphur. The solution of the substance is 
alkaline to litmus. Silver nitrate at once gives a brownish black 
precipitate of silver sulphide in the cold, and the filtrate, on treating 
with acetic acid alid warming, gives a further pr6cipitaK36 of silver 
sulphide or the filtrate after the removal of silver with ammoi iutn 
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johloride, liberates sulphur dioxide and precipitates sulphur on boil- 
ing with dilute sulphuric acid. This indicates the presence of the 
thiosulphate both outside and inside the complex. On shaking 
with silver oxide however, the whole of the thiosulphate both from 
inside and outside the complex is removed and the alkaline solution, 
on heating with concentrated hydrochloric acid, gives chloropentam- 
mine chloride. Tl^is proves that the substance contains a pentam- 
mine cornple^x. Lead acetate solution behaves like silver nitrate. 
Absence of sulphite and thionate was established by qualitative tests. 
On treating the substance with concentrated nitric acid or bromine 
a rose-coloured precipitate of sulphato-pentammine sulphate is 
abtained. The substance dissolves in dilute caustic soda solution 
(10 per cent.) evidently as a hydroxo-salt from which it can b^" 
precipitated unchanged by alcohol. 

A better yield of the compound was obtained when instead of 
!/>() c.c. of 25 per cent, ammonia, 250 c.c. of 12*5 per cent, 
ammonia was used. Thiosulphato-pentammine thiosulphate was 
also obtained by passing a current of air through a solution made 
from cobalt chloride (10 g.), ammonium thiosulphate (15 g.) and 
concentrated ammonia (50 c.c.). The method of procedure is exactly 
the same as described above, but the yield is smaller. 

Tri-ethyUni'dianiinc Cobaliic Thiosulphaic (TI). 

, When the thiosulphalo-pentamniine thiosulphate was treated on 
fchS waler bath at 60^ for sometime with an excess of 10 per cent, 
ethylenediaminc solution it was converted into a yellow, easily 
soluble crystalline' compound. It was washed with a little water 
then with alcohol and finan 3 - dried in vacuo over sulphuric acid. 
(Found: Co, 141; S, 23*03; N, 20*4. TCoCEn) J ,( 8 , 03 ), re- 
quires Co, 141 ; S, 23*07; K, 2t)*2 per cent.). 

Sulphifo-pc ntuDimiiic ThiosuJpUuic (111). 

The filtrate obtained after the separation of the compound (I) 
ivas again transferiDd into a flask and a current cjf air was passed 
through it for severiB .1 hours until the strong smell* of ammonia 
leai^y disappeared. The solution became brown qjad was then 
ailowed to stand for some days being occasionafly filtere<i from the 
precipitated sulphur or a little thiosulphato-pentaniinine salt. After 
a titne yellowish brown crystals separated from the solution. These 
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were then filtered, washed with water, then with alcohol and dried 
in vacuo over sulphuric acid. The substance can be recr^stallited 
from 5 per cent, ammonia solution. (Found : Co, 20'98, 21'0; S, 
23‘1, 22*95; NH,, 30*3. [(NH,) 5 Co(SOs)]»S*Os requires Oo, 
21*07; 8,22*86; NH,, 30*3 per cent.). 

A hydrated variety of sulphito-pentammine 1)hiosulphate was 
obtained from the filtrate from thiosulphato>pentammine thiosul- 
phate when after passing a current of air through the filtrate as 
before, the latter was treated again with concentrlited ammonia 
liquor. A silky yellow crystalline precipitate was obtained. The 
crystals were washed as usual and dried in air. (Found : Co, 20*1 ; 
NH,, 29*27. [(NH,),Co(SO,)],S,0,,l-JH,0 requires Co, 20*1; 
rNH,, 29*0 per cent.). 

The same substance was also obtained when a solution of car- 
bonato-tetrammine cobaltic nitrate was mixed with an ammoniacal 
ammonium thiosulphate solution and the mixture was allowed to 
stand in a closed bottle for about a week. The yellowish brown 
crystals separated at the bottom of the bottle were then filtered, 
washed, and recrystallized from 5 per cent, ammonia solution. 
They were then dried as usual. On qualitative and quantitative 
analysis they were found to be sulphito-pentaiumine thiosulphate 
admixed with slight impurities which could not be removed hy 
recrySoallization. 

The formation of sulphito-thiosulphate in all these cases presents 
an interesting phenomenon, where the sulphito-salt was formed in 
a solution to which no sulphite was previously added. It is 
dently formed from the slow decomposition of ammonium thiosul- 
phate with separation of sulphur. 

(NHJ.S.O,^ (NH*).SO,-fS. 

* c 

In the first two cases some ammonium sulphite might have also 
been formed during the oxidation of cobalt by air according to the 
equation ; 

(NHJ.S,0,+2 NH*OH + 0, — > 2(NH*),SO, + H,0, 

I 

K 

cobalt salts probably acting as a catalyst. In ' the last case the 
ammonium sulphite and thiosulphate then probably react rvith 
carbonato-tetrammixje cobaltic nitrate, r(NH,) 4 *Co*CO, JNO, giv- 
ing sulphito-tetrammine cobaltic thiosulphate, [(NH,),'*Co*SO,], 
8,0,, which in presence of ammonia leads to the formation of '’the 



69 


THIOSULPHATO-COBALT COMPLEXES 

• 

pentammine sulpbito-thiosulphate. This is supported by the fact 
already stAed that the pentammine sulphito-tbiosulphate can also 
be obtained by the addition of strong ammonia to the filtrate from 
thiosulphate -thiosulphate, which has become too poor in ammonia 
and does not separate the sulphito-pentammine salt by itself. 

The sulphito-tHiosulphate is alkaline to litmus, more or less 
sparingly soluble in water, dissolves in cold caustic alkali to an 
orange brown solution. A solution of the salt with silver nitrate 
solution gives a^brownish black precipitate of silver sulphide in the 
cold; the filtrate on boiling with acetic acid or dilute sulphuric acid 
liberates sulphur dioxide without any separation of silver sulphide, 
but grey metallic silver is only precipitated. Lead acetate solution 
behaves in a similar fashion. Absence of thionates and sulphates 
and the presence of sulphites and thiosulphates were also definitely 
proved by qualitative tests after removing the cobalt as sulphide 
with sulphuretted hydrogen from an ammoniacal solution of the salt 
and then removing the excess of sulphuretted hydrogen by cadmium 
carbonate. When shaken vigoi'ously with silver oxide, a strongly 
filkaline brown solution was obtained, which after filtration and 
evaporation with concentrated hydrochloric acid, gave characteristic 
crystals of chloropontammine chloride. 


Hydrojco-iciramminc Oobaltio Sulphite (IV). 

,The sulphito-pentammine thiosulphate was dissolved in 5 per 
cen^ caustic soda solution to a clear orange-coloured liquid which 
on treatment with alcohol gave a precipitate of copper-coloured 
beautiful silky plates. These were first washed with 30 per cent, 
alcohol and then with absolute alcohol. The crystals were then 
dried in vacuo over calcium chloride. (Found : Co, 22'6; S, 12*0; 
Nir 3 , 26*0. [(NH 3)4 Co*(OH)S©,] 2H,0 requires" Co, 22*7; 

S, 12*3; NHs, 26*1 per cent.). 

The substance is readily soluble in water and is strongly 
alkaline to litmus and precipitates silver oxide from a solu* 
•tion of silver nitrate. It does not react with potassium ferro- 
cyanide, potassium* ferricyanide and potassium q)bromate solution. 
With barium chlorkle solution a white turbidity ajJ^ears which 
gradusilly increases on keeping and after sometime a .black preci* 
I^iteto of cobaltic oxide is formed. All these properties indicate that 
the substance is a hydroxo- compound. It readily absorbs carbon 
dioxi&e and forms a carbonate. 
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A compound of the composition t'f)(XHg) 4 S 03 . 0 H, 3H*0 jjas 
been described by Hofmann and Reinseh {Zeit. anonj. 16 , 

384). They prepared it by the action of silver oxide upon a solu- 
tion of suJphito-aquo-totrammine eobaltic thiocyanate and represent- 
ed it as sulphito-aquo-totrammino eobaltic hydroxide [C'o(NH ,)4 
HjO.SOgJ OH, 2HgO. But it is very unlike]y*t.hat an aquo-salt 
can be formed in the present case from a strongly alkaline solution. 
Of course in aqueous solution all hydroxo-compounds are hydrolysed 
into aquo-hj'droxides and behave as such. ^Phe compound 
could also represented as [(NH 3 ) 4 .Co.(SOa)]OH. 2 H, 0 ; but its 
method of formation from a pentammine salt with evolution of one 
molecule of ammonia as well as the usually greater tendency of the 
sulphito group to occupy only one co-ordination position in the com- 
plex (the number of sulphito-compounds in which the sulphito- 
group occupies one co-ordination position is much larger than those 
in which it occupies two) strongly suggest the constitution (IV) 
given above. The reaction leading to its formation cun bertpresent- 
ed as below : — 

[(NHg).Co SOg], S, 03 + 2 K 0 H— >2|,Nn.,),Co S 03 ]OH-»-K,S, 0 , 

'I' 

2 [(NH,)* Co- (OH)SO,]-h2NH,.< 

Hexaviminc Cobaltic Chloro-thiosulphate (V). 

Crystallized cobalt chloride (10 g.), ammonium chloride (iO g.) 
and sodium thiosulphate (24 g,)were dissolved in water (50 c.c.) and 
treated with ammonia (120 c.c., d 0*00). The solution was filtered 
and a brisk current of air was passed through it for a few minutes. 
Yellow crystals began to separate at once but the mixture was 
allowed to stand over-night. Next morning the crystals were 
separated by filtration from the mother-liquor and purified by 
recrystallization from 4 per cent, ammonia solution. The crystals 
were first washed with 20 per cent, alcohol containing a little 
ammonia and then with absolute alcohol. They were dried in 
vacuo over calcium chloride. Yield 8 g. approximately. In serves 
as an excellent method for preparing hexam nine salts. (Found : 
Co, 18*52; S, 20-65; Cl, 11*1; NH.,, 62-7. 
requires Co, 19-1 : S, 20*71; Cl, 11*3; NH^, 33*0 per cent.). 

The substance forms beautiful silky yellow crystals, fairly soluble 
in water. The solution can be boiled without decomposition. It 
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gives all the characteristic reactions for hexammine salts. The 
wHol© of tl*e thiosulphate and chlorine are precipitated by silver 
nitrafe solution in the cold. 

Thio8vlphafo~pcniam7ninc Cohaliic Chloride (VI). 

Hydrated cobalt chloride (10 g.) dissolved in the least quantity 
of cold water was mixed with ammonium chloride (24 g.) and 
sodium thiosulphate (12 g.). To the solution 60 c.c. of 7 per cent, 
ammonia were added. The solution was filtered and a rapid current 
of air was passed through the filtrate for an hour antf a half, the 
solution being cooled in ice water all the while. Purple-red crystals 
sei^arated in large quantities. The mixture was allowed to stand for 
about two hours in the cold. The crystals were then filtered and 
washed with 2 per cent, ammonia solution. The crystals thus 
obtained were contaminated with some thiosulphato-pentammine 
thiosulphate, which could not be removed by simjde recrystalliza- 
tion. They were therefore dissolved in the least amount of water 
and then salted out by the addition of a saturated solution of 
jfmmoniuin chloride. The crystals were separated, washed first 
with ammoniacal water and then with alcohol. They were dried as 
usual in vacuo over sulphuric acid. (Found: Co, 20*3 ; S, 22*15; 
C1^12*25; NH 3 , 2916. [S^OaCo (NH^ij^] Cl requires Co, 20*24; 
S. 21*96; Cl, 12*18; NH 3 , 29 * 10 per cent.). • 

The substance thus prepfxred has a dark red colour and is fairly 
soluble in water. Silver nitrate solution gives a precipitate of silver 
chloaiide from its solution in the cold ; the filtrate on boiling with 
dilute sulphuric acid gives a black precipitate of silver sulphide. 
These reactions prove that the chlorine is in the outer zone and the 
thiosylphate group is in the inner zone of the complex. With 
concentrated hydrochloric acid in the cold it is transformed into 
chloropentammine cobaltie chloridfs. 

Thiosulphafo-pcniam m in v Bro w idc , 

To a cold strong solution of the above thiosulphato-chloride, a 
Saturated solution of sodium bromide was added. Dark red crystals 
of the bromide sepaitited out. These were washed^and dried as in 
the case of the chloride. (Found : Co, 17*84; Br, 24*1. [S,Os* Co 
(NH 3 ) 4 |] Br requires Co, 17*6; Br, 28*8 per cent.). • 

• • iThe aqueous solution in the cold gives a pr^scipitate ^f silver 
bromide wit^i silver nitrate solution. The filtrate on boiling with 
dilute Sulphuric acid gives a black precipitate of silver sulphide. 

* 0 
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Thioaulphato-pentammine Iodide. 

To a cold strong solution of the chloride, crystals of potas- 
sium iodide were added. The dark red crystalline precipitate thus 
obtained was washed and dried as usual. (Found: Co, 15-54; I, 
83-67. [SjOa.Co.(NHa) 5 ] I requires Co, 15-4; I, 33-2 per cent.). 

An aqueous solution of the substance in the cold gives a yellowish 
precipitate of silver iodide with silver nitrate solution. In the 
filtrate the thiosulphate can be detected as above. 


c 

Reactions of the Thioaulphotn-peniammine Cnhaltic Ion, 

A solution of the thiosulphato-pentammine cobaltic chloride gives 
a red precipitate with potassium ferrocyanide solution and a 
chocolate-brown precipitate with the ferricynnide solution. With 
potassium stanni-chloride it forms red crystals of the thiosulphato- 
pentammine stanni-chloride which is readily hydrolysed by water. 
With sodium platinichloride it gives an insoluble brown platini- 
chloride. With mercuric chloride solution a voluminous light-rose- 
coloured precipitate is obtained. 


Thiosulphato-pentammine Cnhaltic Nitrate (VI). 

Crystalline cobalt nitrate (12 g.), ammonium nitrate (15 g.) and 
sodium thiosulphate (24 g.) were dissolved in water (50 c.c.) and 
treated with strong ammonia (120 c.c., d 0-90). The solution, after 
filtration, was treated with a rapid stream of air for about two hours 
and it was filtered from any black oxycobalt salts.- Air was again 
passed through the filtrate for about an hour till dull purple-red 
crystals began to separate. The mixture was then allowed to stand 
overnight in the cold. Next morning the crystals were collected, 
washed with cold ammoniacal water and recrystallized from hot 4 
pei; cent, ammonia solution. The substance was again washed with 
aqueous alcohol contaning a little ammonia, then with alcohol and 
afterwards dried in vacuo over calcium chloride. (Found : Co, 18-5, 
18 - 7 ; S, 20-5; N, 26-77, NH,,26-73. [Co(NH,) jS.O, ] NO, requires 
Co, 18-55; D, 20-12; N, 26-4; NH,, 26-7 per ^ent.). 

The substance is sparingly soluble in water; it gives no precipita.te 
with silver nitrate solution in the cold but on keeping for sometime 
the solution gradually turns turbid and finally a black piecipitate of 
silver sulphide appears. On treatment with silver oxide the vhole 
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of the thiosulphate is removed ; the filtrate, after the removal of the 
ei^ess of silver with hydrochloric acid and on evaporation with 
strong hydrochloric acid, gives characteristic crystals of chloropen- 
tammine chloride. , The presence of nitrate group was established 
by qualitative tests. That the substance is a thiosulphate* 
pentammine cobaltic nitrate is further confirmed by converting 
it into a dithionate as described below. 


Thiosuffjhitiu-penta^iuuine CohaUic Dithionate (YU). 

To a strong solution of the thiosulphato-nitrate ?n 4 per cent, 
aqueous ammonia, a concentrated solution of sodium dithibnate 
was added. On cooling well-defined purple-red crystals separated 
out. These were washed with water and then with alcohol and dried 
as usual in vacuo over sulphuric acid. (Found: Co, 17*09; S, 
28 8r,; XH,, 2.V27; X. 21 o. f (XHJ.Co.S.O,], S.O^ requires 
Co, 17-55; S, 28-57; XH^, 25-3 ; N. 20*83 per cent.). 

The substance is sparingly soluble in water* Silver nitrate 
sdolutiou gives no immediate precipitate in the cold but, on keeping, 
the solution becomes turbid and finally a black precipitate of silver 
sulphide appears ; but the precipitation does not become complete 
even after an hour. 


Th ioaitlphafo penftinnnine (^hrnniatr (VII). 

*Jl'o a concentrated solution of the thiosulphato-pen tammine 
chloride in the cold a saturated solution of potassium chromate 
was added. Brilliant silky leaflets separated after a time. These 
were washed with dilute ammonia and recrystallized from hot 
dilute ammonia (2 per cent.). The product was washed and 
dri^d as usual. (Found: 18^6; Fr, 8*44, [ 

CrO^ requires Co, 18-8 ; Cr, 8*28 per cent.). 

It forms red silky crystals, very sparingly soluble in water. An 
aqueous solution in the cold gives a red precipitate of silver chro- 
mate with silver nitrate solution. The filtrate from silver chromate 
gives all characteristic reactions for thiosulphuric acid. 

• 

, Nitropentnunnine Thiosulphaie (VTI). 

* Cobalt hydroxide from 10 g. of cobalt chloridg crystals jvas mixed 
up \^ith ammonium thiosulphate (20 g.) and sodinm nitrite (14 g.) 

• 10 
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di^lved in a small qtiantity of water. The mixture was then 
poured: down into 90 c.c. of 25 per cent, ammonia and a rapid cur- 
rent of air was passed through the mixture for about B houre. It 
was then filtered and the filtrate was allowed to stand overnight. 
A large crop of brownish yellow crystals was found at the bottom 
of the vessel next morning. These were filtered^ washed and re- 
crystallized from dilute ammonia. The product thus obtained is 
bright yellow in colour. (Found: Co, 19 ’74 ; S, 21-05, 21'55 ; 
N, 28-5; NH,,28’3. [(NH,)» Co. NO, J S.O, requires Co, 10’5 ; 

S, 21 ’2 ; N, 27 ’81 ; NHj, 28 ’14 per cent.). 

It is sparingly soluble in water. The solution gives immediate- 
ly a black precipitate of silver sulphide with silver nitrate solution. 
The filtrate on treatment with sulphuric acid and warming gives 
out nitrous fumes. 


Method of Analnaia. 

In the above compounds cobalt was always estimated, except 
in the case of the thiosulphato-chromate, as cobalt sulphate by 
evaporating with sulphuric acid. Sulphur was estimated as barium 
sulphate by oxidizing the sulphites, thiosulphates or dithionates 
with ammoniaoal hydrogen peroxide. Chromium in the case of the 
thiosulphato-chromate was estimated volumetrically after igniting 
the compound and then fusing it with sodium peroxide. Ammonia 
was estimated by distillation. In some cases total nitrogen was 
estimated by combustion. The halogen elements were estimated 
as their silver salts as usual after oxidizing the compounds *xrith 
ananaonical hydrogen peroxide to convert the thiosulphates into 
sulphates. Cobalt in the thiosulphato-chromate was estimated by 
precipitating as cobalt rubeanate after removing the chromium as 
chromate by boiling with caustic soda and then dissolving the 
oobaltic oxide with hydrochloric t^cid. The solution of the cobalt 
chloride thus obtained was then neutralized with ammonia, treated 
with sodium acetate and an alcoholic solution of rubeanic acid was 
added in excess to precipitate the cobalt. The cobalt rubeanate 
was finally converted into cobalt sulphate by treatment with a 
mixture of nitric acid and sulphuric acid and weighed as such. 
(B&y and Bay, This Journal, 1926, 3, 124). 
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The Influence • of Substituents on the Stability of 
Schiff’s Bases. Part I. Hydrolysis of Nitro- 
and Methoxy-benzylidene Anilines. 

By Edjth Mary Langman, Walter Hbaly and 
Pavitua Kumar Dutt. 

Apart from the work of Beddelien and Danilof {Her., 1921, 

[BJ. 3132) on the fission of a few aromatic keto-anils, little 
is known regarding the influence of substituents on the stability 
of SchiS’s bases in general. Their results may be summarised in 
the general expression that the hydrolysis of anils by mineral acids 
in aqueous solution is facilitated by “positive” groups, such at 
•NH,, NRR' , and retarded by “negative,” such as NO,, COOB 
in the para-position to the nitrogen atom in the aniline residue. 
Orfho-substituents seem to exert sterio hindrance. The cases 
examined by them, however, do not seem to be strictly comparable 
snd«no satisfactory attempt has been made to distinguish between 
the various factor that mav influence the double bond in ^ht 
system >t'=N — . 

For this reason, a systematic investigation of the derivativei 
of Sen/.ylidene aniline has been instituted with the object o 
differentiating between the following possible factors : (1) genera 
polar effect; (2) kiduced polar effect; (3) effect of mass; (4) steric 
influence; (5) effect of conjugation, and (0) effect of constitutiona 
changes. 

1b this communication, the hydrolysis of benzalaniline and the 
three nitro- and three methoxy-benzylidene anilines is described 
and the results are discussed. 

Experimental. 

Preparation of the Anila. 

I 

^e^zylidene , aniline was prepared by mixing togejiher equal 
^uaptities of benzaldehyde and aniline without the application 'of- 
heat; colouj^ess needles from methyl alcohol, m. p. 53° ; yield 
almosli quantitative (Micheelis, Ber., 1601, 24 , 750). 
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The nitro- and methoxy-benzylidene anilines were prepared in 
the usual way. The ta~meihoxyA)cnzylidenv aniline, puri^ed by 
repeated fractional distillation in vacuo, is a light yellow viscous 
liquid, b. p. 206-207“ at 20 mm., (Found: C. 798; H, OS; 
N, 6'7. C|*Hi,NO requires C, 79 6; 6*2; N, 6*6 

per cent.). The o-methoxy-henzylidene aniline distilling at 204- 
205° at 25 mm., solidified in a freezing mixture. It was further 
purified by crystallising from light petroleum in colourless needles, 
m. p. 33-34°, which is about 10° lower than the m. p. given by 
Noelting {Ahn. Chim. Phys., 1910, (viii), 19 , 476). (Found: 
C, 79*7; H, 0*2; N, 6*7 percent.). The para compound crystal- 
lises in colotjrless plates from light petroleum, m. p. 62*5-63*5° 
(Noelting, loc. cit.). 


HydrolyaiH o/ the Anils. 

Equivalent quantities of the anils (1*2 g. of benzalaniline, 1*4 g. 
of a methoxy- and 1*5 g. of a nitro-derivative) were separately dissolved 
in a half-litre stoppered separating funnel in 300 c. c. of ligroin 
(b. p. 100-120°) and 75 o.c. of N/10 hydrochloric acid were then 
added to each. The funnels were shaken mechanically in a room 
the temperature of which remained at 10-18°. The liquids'had 
been left in the room for a few hours previous to mixing so as 
to attain the temperature of the room. It was found that varia- 
tions of temperature within this range did not materially afiect 
the amount of anil hydrolysed. The shaking was carried out for 
varying periods of time, and at the end of each period the acid 
layer was quickly drawn off and diluted to lOO c.c. with water. 
Three 25 c.c. portions of the diluted solution were withdrawn, 
mixed with excess of dilute hydrochloric acid, cooled in ice, and 
titrated with N/5 sodium nitrite, using starch-iodide paper as 
indicator. The results of the second and third titrations, in the 
few cases in which they were not identical, did not differ by more 
than 0*2 c.c. ; the mean was taken as the correct result. The 
sodium nitrite solution was standardised against a freshly madr 
solution of pure aniline in hydrochloric acid. The results (from 
140 experiments) are tabulated below. 

Ligroin proved to be the most suitable of the common organic 
solvents. Blank experiments showed (a) that when a ligroin 
solution of an aldehyde, or its anil, is shaken with water, the 
aqueous solution after separation does not require more than one. 
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^rop of sodium nitrite solution to produce a blue colour on 
stavch-iodide papert and {b) that an aqueous solution of aniline 
hydrochloride when shaken with ligroin remains unaltered in 
strength. Further, the separation of the two layers, even after 
prolonged shakipg, is almost instantaneous, no emulsion being 
formed. It is, therefore, reasonable to suppose that the quantita- 
tive data obtained by these experiments are strictly comparable. 


Percentages of Anils Hydrolysed, • 
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Discussion of the Results, 

• 

,A glance at the results shows that the reaction is reversible. 
Further, although from a polar point of view the substituent groups 
are opposite in character, the •equilibrium points o^ the nitro- and 
methoxy-anils (maximum 75*2 per cent, for p- and t«-nitro- and 
88’3 per cent, for /^-methoxy- ) are distinctly lower thim that of 
the parent substance. This result may be due to the effect of 
mass, but experiments have yet to be carried out with derivatives 
in which the substituents are of the same order of polarity but 
vary in mass. ^ • 

The initial velocities of hydrolysis are in the order : methoxy- 
, anils > parent substance > nitro-anils (except in* the case of 
7 iVmetho 3 (y anil), which may be attributed prifnarily to*the general 
po]|r influence of the substituent groups. 
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The initial velocities of hydrolysis of the isomerideB.^naro and 
meta, are in the order; iu > p for the nitro*. and p > m for-tfae 
methoxy-abils. In the former case the difference! though small, 
is sufficiently above the range of experimental error. It is interest- 
ing to notice that the order of alternation is in agi:eement with the 
principles of induced alternate polarity as represented by the 
following formulae, oxygen being taken as the key ” atom : 


CHsNPh 





bcH 


CH«NPh 



(Compare Lapworth, Slioesmith. and others, J. Chem. Soc., 1922. 
121, 1^92; 192.S, 123, 28;18: 1924, 125, 1312, 2278, on the hydro- 
lysis and reduction of various substituted benryl bromides). 

The two nitro-derivatives. however, have the same equilibrium 
point, and even in the case of the two methoxy anils, the initial 
difference of 27‘8 has been reduced to only 3’t) per cent, when 
equilibrium is reached. This would indicate that the influence cf 
inducted polarity is exerted primarity on the velocity. 

In the case of m-methoxy anil, whose initial velocity of hydro- 
lysis is lower than that of the parent substance, the general and 
the induced polarity are competing against each other. This 
result may, however, be attributed partly to this condition but 
not entirely, as it cannot be assumed that the effect of induced 
polarity is greater than the general polar effect. The question 
therefore must be left open until mortt cases of a similar nature have 
been examined. » t 

The low initial velocity and equilibrium point of »-raethoxy anil 
in comparison with the para compound may reasonably bo attributed 
to steric influence, without neglecting to take into account the 
possible effect of conjugation as represented by the formula : 
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In the case of the two corresponding nitro-derivatives, however, 
tke.difleoenoes are much greater and in this connexion it should be 
mentioned that in addition to spatial influence there is the. possibility 
of incipient structural alteration such as was demonstrated by Sachs 
and Kempf {Her., 35. 27o7. t'ornparc also C'iamician and 

Sllber, Her.. JltOls 34. 2040). 



Conclufiion . 


Dimroth and Zoeppritz (Her., 10<»2, 35. 981) have shown that the 
formation and fission of anils should be regarded as additive reac- 
tions, (' 12 ., 

— H,0 

Ph<'HOt-Nn,Ph^^ PhCIIon NHPh Pht’H=XPh. 


It follows, therefore, that any conclusion that may be drawn ^rom 
this w5rk might be equally upplicabh^ to additive reactions in 
general. Reference may be made here to the two general principles 
tentatively advanced by E. H. Tngold (.7. ('hem. Sor., 1025. 127, 
409) in connexion with the Michael addition reaction, viz., 

( 1 ) “ The jtrimary effect <»/ polar cotitJiiione is on the velocity 

of reversible midiiions.” 

( 2 ) “The primary effect of spatial ctnulitions is oy the equili- 

* briiim in reversible adtfflions.’’ 

The results now* obtained support the first principle as regards both 
general and induced polar conditions and the second only partially 
(see the figures for p- and o-mcthoxy-anil). Work to elucidate this 
f)oint is in hand. 

In conclusion, on^of us (P. K. D.) wishes to thank the Research 
Fund Committee oft the C'hcmical Society, I^ondon, for a grant 
wl^ioh^as partly defrayed the cost of this investigation. * 

^■s*UMivKasi^, 

).)IUC|»s> Receiped, February 9. t9il4. 



A New Method for the Preparation of 
4-Acetylamino-3-chloro«amline. 

By Scduir Chakora Xiyooy. 

4-Acetylainmo-3*chloro-auiiine, which is used in preparing auh:** 
tsnoes that i.re of value in mediriae. was prepared by Cain 
(J. Chem, Soc., 1909, 96 . 7l6j. As his method was found to be 
imperfect it was decided to ascertain the necessary details. 

The starting point in the preparation of the substance is 
p-nitraniliue. The first step is the chlorination of p-nitruuiline so as 


to obtain 2-cbloro-4-nilraniiiuc, 
subsequently reduced. 

which is then 

ace ly la ted and 


MHAc 

MHAc 


- ■*> . 


J — u 

u 

U 

flOj hOj 

MOj, 



There are many methods for the preparation of 2-ciiloro-4- 
nitraniline (Annalen, 182 , 1<)8 ; Her., 1894, 27 , 977 ; J . 

Chem. Soc., 1908,93. 177.9; Chem. Zrntz. 1900 , H. 360).^ All 
these may be broadly divided into two classes ; (1) t'hlorination in 
concentrated mineral acid solution; (2) chlorination .in dilute mineral 
acid solution. The chlorinating agent employed are (I) chlorine 
gas, (2) sodium hypochlorite, and (3) bleaching powder. 

Careful repetition of Flurscheina’s method for the preparation of 
2-chloro-4-nitraniline (J. Chem. »S«»c., 1908, 93 , 1779) showed that 
th^ autbor’s claims are exaggerated, as the formation of tarry matter 
is very considerable. On following the specification of ( 'asso'la and 
(Jo’s Patent (D. R. P., 10918(1) the product obtained was invariably 
2 :6-dichloro-4-nitraniline even when only half the required quantity 
of chlorine was used. 

Sodium hypochlorite, and bleaching powder containing a known 
weight of available chlorine, were next (employed without any better 
result. The corresponding bromo-derivative is very easily prepared 
by the addition of the required quantity of bromine in acetic acid 
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solution to an acetic acid solution of p-nitraniline at ordinary tempe- 
rature. Jfut when the experiment was repeated using aoetio acid 
containing a known weight of chlorine, the result was indifferent. 
As the result of this series of experiments it may be safely concluded 
that all common methods of preparing 2-chloro-4'nitraniline are 
either faulty or mrsleading. 

In one experiment p-nitro-acetanilide was boiled with hydro- 
chloric acid to ^ydrolyse the anilide, and the acid solution was cooled 
with ice and treated with chlorine. A yellowish brown product 
separated which, on purification, had m.p. 103 — the m.p. of 
2-cbloro-4-nitraniline being So this was the required * com- 

pound. The main difference in this experiment is the presence of 
acetic acid and assuming that this is somehow favourable to the • 
formation of 2-chloru-4-nitraniiine, u series of experiments was 
made using varying proportions of acetic acid, hydrochloric acid and 
water, till the experimental conditions were so adjusted as to give 
a yield of 8T> g. of 2-chioro-4 nitraniline from 10 g. p-nitranilinc. 

» 

• The failure of the previous experiments may be accounted for as 
follows; — If during the chlorination, a solvent (like hydrochloric 
msid, sulphuric; acid or a mixture of hydrochloric acid and acetic 
acid) is employed in which p-nitraniline as well as 2-chloro-4-nitra- 
nilme is soluble, the resulting product is invariably the dichloro 
compound. But if a solvent is employed in which p-nitraniline is 
soluble but not the 2-chloro-4-nitr»Qiline. the latter separates as soon 
as«t is {troduced and escapes further clilorination. The best yield 
obtiiuned amounted to about 70% of the theory. Some decomposition 
invariably takes place and some of the dichloro-compound is 
invariably formed. 

'fhe reduction of 4-acetylainino-3-chloro-l-nitrobenr.ene was 
effected by Cain (foe. cif.) using acetic acid and iron Jfilings. The 
reduction product obtained by mo was different from ('uin’s product. 
Cain’s sample was yellow needles, m.p. HP, and was moderately 
soluble in water. The product (empirical formula, 

^obtained by me bad a very faint pink colour (which darkened on 
exposure to sunlight) and melted at 134-3.>'‘. It was very soluble 
in water and gave tlfc following reactions; — 

(1) It gave the diaso reaction and therefore contains a free 

amino group. 

(2) When dissolved in dilute hydrochlorid* acid, it* does not 

give the indamine test for p- diamines ; when it is 
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heated for some time with concentrated Lydroohldrio 
acid, it gives this test. 

Thus one is ied to conclude that the compound having a m.p. 
134 —36® ir 4-acetylamino-3-chloraniiine. Cain must have been 
misled by some experimental error. 


Experimental. 

2-Chloro-4-nHra»ilinc . 

p*-Kitranilinc (10 g.) was dissolved in water (:)60 c.c.) containing 
hydrochloric acid (50 c.c. 37%) and glacial acetic acid (26 c.c.). 
The solution was cooled to a temperature of 10 — 15° and a slow 
current of chlorine was passed through the liquid with constant 
stirring. (If the current of chlorine is rapid, the quantity of tarry 
matter formed is considerable.) .A yellow precipitate separated 
which was filtered off from time to time. The end of the reaction, 
is very easily ascertained : when all the nitraniline had been us^ 
up, chlorine begins to escape. The combined solid product was 
boiled with water when a tarry mass settled down. Rectified spirit 
was then added in small quantities at a time to the boiling liquid, till 
the residue had a granular appearance. The whole was then filtered 
rapidly and the filtrate was largely diluted with water when 
2>chloro-4-nitraniline separated as a yellow fio(^culent precipitate. As 
the compound is somewhat soluble both in wttter and in dilute 
alcohol, the filtrate was cooled in icc water. The precipitate' was 
collected and dried; m.p. 103-4°. Yield 8’5 g. 

* 

Acetylation of 2-ChloTo-4-nitraniIine . 

2>Chioro>4-nitraniline (10 g.) ^'as dissolved in glacial acetic' acid 
(80 c.c.) and acetic anhydride (45 c.c.) was added. Sulphuric acid 
(20 drops) was added to it with shaking. After an hour the solution 
was poured into boiling water (600 c.c.). On cooling, light brown 
crystals separated, m. p. 139 —40°. Yield 9 g. In the absence ot 
sulphuric acid tl^e acetylation is far from being complete (rf. however, 
Orton, J. Chem. Hoc., 19o8, 93 , 1242). t 

a 

‘ \-Aaniuo-4‘acctylamino-9-chlorobi’nzene. ^ 

Iron dust (5 g.), glacial acetic acid (2 c.c.) and water (63 c.c.) 
were placed in a round bottom « flask. 4-Acetylamino-3-dhlorO'l- 
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nitrO'benzene (5 g.) was taken and half of it was at once added to 
th« conteri^s of the flask and thoroughly mixed by shaking. The 
mixture became warm but in no case did the temperature rise higher 
than 50*. Further quantities of the nitro-compound wore added 
gradually to this warm mixture. After all the nitro compound had 
been added, the mi|;turo was shaken till it reached its initial tempe- 
rature. The mixture was then gently boiled with a solution of sodium 
carbonate (2 g.) in water (10 c.c.) and filtered hot at the pump. The 
residue was tv^ce extracted with small quantities of water and 
filtered hot. The combined filtrates, on cooling, gave a light pink 
precipitate, m. p. 125-28*. It was recrystallised from benzene, m.p. 
l.'14-85*. Yield 3-2 g. (Found: N, 15*21 ; Cl, 19*74 ; C, 52*1; 
H, 5*2. C.H.ON.Cl requires N, 15*18; Cl, 19*24; C, 52*03; 
H, 4*8 per cent.). 

My thanks are due b) Prof. H. K. Sen for the kind interest he 
has taken in this work. 

Ukivusitv CoixsoK or Sc'ibnce aso TKCBxot.oor. 

Dkpaiitment of Applibo Chbmihtbt, 

Calcutta. R$ceiv 0 d June 14, 1936. 
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By 

r 

Pbafulla Kumar Bose and Drirbndkanath Kay Chauduury. 


The faydrazooes of a/Ef-unsaiurntcd aldehydes and ketones, as a 
rule, undergo pyrazolinc conversion either spontaneously or when 
their solutions in suitable solvents are heated for sometime. Thus 
the phenylhydrazones of ucraldehyde and mesityl oxide change into 
phenyl pyrazoline and trimethyl phenyl pyrazolinc respectively 
(Fischer and Knoevenagel, Annalrn, 1887, 239, 104; J. pr. Chau., 
1894, (2), 50, 531 ; cf. Kishner, J. liuss. Vhys. Chan. See., 1913, 
45, 987, 957). Benzal-acctophenonc phenylhydrazone is transformed 
into 1:3: 5-triphenyl-pyrazoline in warm alcoholic solution (Ivnorr 
and Laubmann, Bcr., 1888, 21. 1205). Similarly einnamylidene 
phenylhydrazone. in hot glacial acetic acid solution, is converted 
into l:5-diphenyl pyrazoline (Auwers and Muller, livr., 19o8, 4l, 
2697), although Bauer and Dieterle {Bcr., 1911, 44, 2697) found 
that the reaction of Auwers is not a general one. The change takes 
place by the migration of the secondary hydrogen atom to the 
uni^aturated part, C’H=CH of the ketone or aldehyde, thus : — 


CH— CH 
II 11 
C\H.'CH X 

/ 

HN Ph 


I II 

C'ell.CH N 

V 

NPh 

(I) 


that is, .J the open-chain system — (,’il=CH'Cll=X — Xli— is 
potentially capable of ring closure. 

The present investigation was undertaken with a view to examine 
whether the thiosemicarbazones of unsaturutud aldehydes and 
ketones, which contain the necessary reactive groupings, would 
similarly undergo pyrazoline conversion, thus : 


Clf— CH 
II li 
N 

HN^CSNHR 


CH.CH 
i II 
N 
V 

N'JSNHK 
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^ For this purpose cinnatnylidene thiosemicsrbazone was heated 
in g|acial*acetic acid solution for a few hours but the expected 
transformation did not occur. Assuming that the substituents of 
the thiosemicarbazides in position 4, as well as those in the un- 
saturated aldehyde might have some favourable influence on the 
above course of* reaction, several 4 -substituted thiosernicarbazides 
have been condensed with cinnainiu aldehyde and ben/alacetone in 
alcoholic or glacial acetic acid solution. Each of the thiosernicar- 
bazones thus Stained was heated in glacial acetic <*tcid with a view 
to obtain the expected pyrazoline derivative. Hut (heaintramolecular 
transformation was not obsorvo<l to take place. • 

The inability of the imino hydrogen atom to saturate the ethyl- 
enic double bond may be attributed to the constitution (III) depict-* 
ed below, where the hydrogen atom, having migrated over to the 
S-atom, is no longer available for the pyrazoline transformation (t7. 
Wilson and Tiurns, ,/. ('hfiii. S"C., Ib22, 121, 870; also Bose, J. 
Indian Chcni. Snc., 2, *.>8). Jn fact the thioscmicarbazones 

possess acidic properties, and di8.solvc in cold caustic alkalis thus 
supporting the above supposition. 

(’„n. CH ; CH CH rN NH C'S NHH 

— : CH CH :N N:('(SH).NHK 

(III) 

The thioscmicarbazones are crystalline substances most of which 
arij pale yellow in colour. When heated with caustic soda, they 
first dissolve and then decompose liberating the original aldehyde or 
ketone. I'resbly prepared yellow mercuric oxide is coloured black 
in a minute when an alcoholic solution of the thiosemicarbazonc is 
warmed with it on the water-bath. They produce yellow crystalline 
precipitates with mercuric chloric^ in alcoholic solution. 

C-innamylidene benzyl dithiocarbazinate and the product from 
benzal acetone and benzyl dithiocarbazinate behave -similariy. 
They, how'ever, dissolve in cold alkalis with great difficulty ' and 
unlike the ihiosemicarbazoncs arc not easily desulphurised by freshly 
precipitated mercuric oxide. On boiling with alkali for sometime, 
they decompose, th|) smell of original aldehyde oi*ketQjje being per- 
ceptible at the 8 me ^'mc. 
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Experimkntal. 

r. 

A General Method for the Preparation of Thioae micarbazones in 
Glacial Acetic Acid. 

Molecular proportions of cinnamic aldehyde or benzal acetone 
and thiosemicarbazides are heated in glacial acetic acid solution 
over a flame. The time required for the preparation of cinnamic 
aldehyde thiosemicorbazones is about ITi minutes, ^yhereas in the 
case of the ketone about half an hour is found to be necessary. The 
condensation products crystallise out on concentrating the solution, 
and can be purified by reorystallisation from suitable solvents. 

CinnamylidcneA-methyUhioscmicarhazonr crystallises from ben- 
zene by the addition of ligroin in yellow needles melting at 170®. It 
is fairly soluble in benzene, carbon disulphide, pyridine, acetone and 
acetic acid but insoluble in ligroin. (Found: S. 14'69. C, ,H, j|N,S 
requires S, 14‘00 per cent.). 

Cinnaitiylidcnc-4-ethy1ihii‘ite niirarbtuone was crystallised from 
benzene by the addition of ligroin, in pale yellow needles. It melts 
at 106-167°. Tt is soluble in all common solvents except ligroin. 
(Found: S, 13‘59. C,sH,gXsS requires S, 1.3'7 per cent.). 

CinnaniyIidcne-4-phenytihiose ntirarhoiitoic h.is been described 
(Pulyermacher, Her., 1894, 27, 017) as having a melting point IT’O- 
176°, but our product, when crystallised from pyridine, melted at 
182-183°. (Found; N, 15'01. »X,Srequires N, 14’9o percent.). 

Pinna niylidene-4-p-tolylfhi>>Hrwicarbti zone crystallises from alcohol 
in pale yellow crystals which melt at 194°. It is moderately 
soluble in all solvents. (Found: N, 14’24. requires N, 

14'i0 per cent.). 

Cinnamy\idenc-4-n\-tf>lyUhio8cmi(;arbaznnt: comes out from 

alcohol in almost colourless crystals, m.p. 140 It is highly soluble 
in pyridine and acetone but moderately in alcohol and acetic acid. 
(Found.N, 14'4. C, ,H , requires N, 14'29 per cent.). 

XJinnaniylidene-4-fi-naphthyUhio8emicarbmonv crystallises from 
a mixture of alcohol and pyridine in almost colourless needles, 
m.p. 213° with decomposition. It is highly soluble in pyridine, 
moderately in aljobol and sparingly in benzrme, chloroform or 
glacial acetic acid. (Found: S, 9*22. C,oH,,NaS requires S, 9'6 
per cent.). * 

Bemaldcetone-ihioaemicarhazone was crystallised from glacial 
acetic acid in pale yellow needles melting at 147-148°. tt is fairly 
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fiolitble iif benzene, chloroform, glacial acetic* acid, alcohol, acetone 
and *pyridine. (Found :N, 19'Ori. requires N, 19*18 

per cent.)- 

BcnzalacrioneA’iueihylihuiHe^incarhazonv is obtained as yellow 
needles from diJifte alcohol. It melts at It is freely soluble 

in benzene, o^bloroform . pyridine* glacial acetic; ac-id and alcohol 
but insoluble in ligroin. (Found: S, l.S 40. requires 

8, 13*73 per cent.). 

Benz<tlaceianv-4'a-ua}»hilf ytihitiscutirinha::otii’ cofhes out from 
dilute alc’ohol in yellow crjstals which melt at ISO". It is*easily 
soluble in benzene, (*hloroform, carbon disiilpbide and pyridine 
but moderately in alc-ohol and glacrial acetic acid. (Found :N,« 
12*2’?. rcijuires N, 12*17 per cent.). 


A Gvtu ral Meflmti fm tht Prr fnirntinn <»/ Tliif^ftr}nicarlutz<fue8 

in AlnAinL 


C'ondcnsutions could also be successfully effected in alcoholic 
solution. About two hours’ time was necessary to have complete 
reaction. The following tbiosemicarbazones were prepared using 
alcohol. • 

('mnantyUdenc-lUinHi micarhnznnr crystallises out in pale yellow 
needles (m.p. 13-1-135 ‘) from glacial acetic acid. (Found : S, 15*2. 
C,®oH,|NgS requires S, l.‘>*0 per cent.). 

Ginnamyliih neA-o-inlijUhiust nnrarhnzonc comes out as colour* 
less crystals from alcohol. It melts at 207'^. It is moderately 
soluble in alcohol, pyridiuc, chloroform and benzene. (Found :N, 
14*3! CjyHijXaS requires X, 14*2 per cent.). 

^ Bcnzalacvinnc-4-o-iolylihioHiHficarbazonc crystallises from alco- 
hol in yellow needles melting at 185"^. It is highly soluble in 
benzene, chloroform, carbon disulphide and 'glacial acetic ticid but 
moderately in alcohol. (Found :X, 18*65. requires 

13*59 per cent.). 


Bcnzalaccionc-4-ph€nyUhioHrmicarbazon(\ 

Molecular proportions of benzalacotone and. 4-pheny4thio8emi- 
carbazide Arere heated in pyridine solution for half an hour. The 
solutlbn was allowed to cool and concentrated. The separated 
crystals were freed front the iHother-liquor and crystallised from 
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glacial acetic acid in brown needles melting at IGS-lBA**. (Found :N, 
14*55. C, ,H, ,NsS requires N, 14*28 per cent.). 

It is fairly soluble in benzene, chloroform, pyridine, alcohol 
but moderately in glacial acetic acid. 

Condensation of Cinnamic Aldehyde u'ith Bcnzyldithiocarhazinate. 

Benzyldithiocarbozinate (1*9 g.) was dissolved in hot anhydrous 
alcohol, cinnamic aldehyde (1'3 g.) added and the mixture heated 
on the water-bath for 10 minutes. On cooling the condensation 
product separated out. This was freed from the mother-liquor 
and crystallised from pyridine when pale yellow needles melting 
at 183° were obtained. (Found: N, 9*2, C,,HioN,S, requires 
N, 8*97 per cent.). 

It is moderately soluble in alcohol, pyridine and glacial acetic 
acid but insoluble in ligroin. 

Condensation of Bemalacetone tvith Bemyldithiocarbazinatc. 

Molecular proportions of benzaiacctone and benzyldithiocarba- 
zinate in anhydrous alcohol were heated on the water-bath for 
about two hours. The solution, on concentration, deposited red 
crysials. These were recrystallised from benzene with the addition 
of ligroin in colourless cry.stals which turned red on ‘coming 
in contact with air. It melts at 139-131°. (Found: N, 8*05, 
C,j,H,sNaS, requires X, STiS percent.). 

The compound is soluble in most organic media but insoluble 
in ligroin. 

Our sincere thanks are due to Sir P. Itiiy who has taken a 

% 

keen interest in the investigrUion, 


Univehsitt College cr 
Science k Technology, 
Calcutta. 
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On the Variability of Valency. 

By SiK Prafulla Chandra RAv, Kt,, C.J.B., D.Sc., Ph.D., 
President , Indian Chemical Society. 

The conception* of valency has undergone many changes since 
it was first formulated by Berv.elius. 'f’he idea of constant valency 
derived from the behaviour of carbon compounds and so strongly 
upheld by Kckult^ and others had to ultimately give way to that 
of v'arieble valency, as serious difficulties were encosintered in 
representing the formulu- of inorganic compounds. Valency ixiay 
now be regarded as a variable function of several factors. These 
latter may he summed up as follows: 

(1^ The valency' of an atom varies according to the nature of 
the combining atoms. The nitrogen behaves as mono-, di-, tri- 
tetra-, and pent a -valent towards oxygen but only tri valent towards 
chlorine. Sulphur is hexavalent towards oxygen and tiuorine as 
ifi SO* and SK,,; but its luaximum valency towards chlorine is 
'or/ly four as given by St'l,. Manganese is heptavalent in its highest 
oxide Mn^O, but becomes tetravalent in its highest chloride. £ron 
is di- and tri*valen( towards chlorine but is hexavalent towards 
oxyg«*n. 

(2) The valency of an element also depends upon external 
conditions. 

(o) Thus valency often varies with temperature. — ^generally 
decreeing with increasing temperature. Dissociation of PCI,, 
t.'O,, SO*. 1,, S, etc, furnishes instances of the kind. 

(b) Pressure 4ilso exerts a simitar influence retarding the 
dissociation of many compounds with a higher valency of the 
central atom into those of a lower valency. 

(a) Medium also plays an important r6]e in certAn cases. 
'J’hus some compounds can exist only in solution or in the solid 
state. For example compounds like HI,, HBr,, HCII,, HtTlBr,^ 
and HBrl,, are known in solution only; and KICl,, NH,1C1,, 
K4Br, and NH,lBr, are known only in the solid state. 

(d) Presence or absence of certain substances in the medium 
can also determine the Isondition of valency. Thus Ae tatravalent 
oxygen fft H,0,, becomes unstable in aqueous solution containing 
h^drcycyl ions, whereas hydrogen ions increase its stability. 
Attention might also be drawn in this connection *to the influence 
of minute traces of water vapour in h>^inging about or retarding 
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maaj’ oommoaplaoe reactione aa has been bo ably demcmaitated 
by Prof. Baker. 

(e) Relative oonoentration of the reacting atoms also affeota 
the combining capacity of the central atoms. Chlorine in excess 
acting upon phosphorus forms PCI^ whereas phosphorus in excess 
acting upon chlorine generates PCI,. 

A consideration of all these facts led to the doctrine of 
variable valency which formulates that it is not an inherent property 
of the atom as such hitt depends upon the nature, of the atoms with 
which it combines and also upon external physical conditions. 

Further changes in this fundamental conception of valency 
were introduced later on to explain m<any new important properties 
of substances as they were gradually discovered. One of the most 
striking contributions in this direction w.as made by Alfred Werner — 
the father of co-ordination chemistry. The theory was advanced 
by him to elucidate the constitution of the so-called molecular or 
complex compounds which presented serious difficulties to the 
application of the existing theories of valency. After many 
unsuccessful efforts made by Blomstrand. .Jr>rgensen and othe''8. 
it was left to Wemcr to bring law and order into this chaotic region 
of complex compounds. The success which this theory has attained 
is too well-known to be elaborated bore. One of the fundamental 
assumptions of the co-ordination theory is that the central com- 
bining atom possesses a maximum co-ordination value of 4-, 0 or 8 
according as it is di-, tri- or tetra-valent. The atom always tends 
to satisfy the maximum co-ordination value. Bui as in the ease 
of simple or primary valencies, maximum co-ordination or complex 
valency also changes according to the nature of the co-ordinated 
atoms, groups or radicles and is further influenced by external 
physical conditions. A host of compounds can be named in which 
the co-ordination number is one, two, three, five, seven, eight 
and even more than that, though these compounds are not so 
stable as the cobalt and platinum compounds with sixfold co-ordina- 
tion. Some typical examples of these are given here. 

Co-ordination value one : AgX.NH, ; AuCl.NH,. 

Twofold co-ordination : AgX‘2\H,, ; (’ut’l'Mn.S; CuCl'(’H,('N; 

Au(’I‘Me,S. 

AgNO,-C,H*(ON),; CuBr.P(OCH,), ; 

AgCN.KCN; AgSCN.KSCN; AuCl.KOl; 
KF.HF; (C,H,),IC1; CuC^J.KCN. 
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Threefold co-ordiaation : CuX.SNHf; CuCl.SPy ; AuCl.BNH^; 

[Cu. ['c8(NH,)t],]X; CaCJ,.3Py; 
HgOl,. Et.S. 

PtCl,.CO; Pt01,.PCJl,; 2KCN.NiCN; 
CuCl,.KCl; HgI,.Kl; (CH,),8X; 

It 

Fivefold oo-ordina*ion : CuSO* oXH, ; 

CdCl.-oNH, ; SnCl, (0,Ht J.O. 

Sevenfold co-ordination : I^il. TNH,; SiF^. iiNH*F ; 

SbCl,. 2HC1 ; Bil,.4Kl. 

Eightfold co-ordination ; Mo(CN)*. 4MeCX ; \V'(CN) 4 . 4MeCN ; 

|.Cu(NH,),jPt((;NS),. 

• From whiit has been said above it can now be concluded that 
•vaioncy is not an invariable characteristic of an element as its ato- 
mic weight is; nay, even the latter, after the discovery of isotopes 
l)y Aston has ceased to be a constant. Hence both the normal 
and c^-ordiuatiou valencies of an atom may change with chang- 
ing circumstances. An elementary atom which usually exhibits 
fli and tdtra- valency may under special conditions become tri-, 

•penta-, and hexa-valeut as well. I shall deal here with two special 
cases^mly, ihAt of platinum and gold. 

Thu platinum atom, as is well known, generally gives compounds 
of the types PtX,^ and PtX, in which platinum is di- and tetra- 
valent respectively . Compounds of different types have also been 
described in tho literature. The following oxides and chlorides of 
the metal have been described; Ptp, Pt.O,, PtO, PtO«, PtCl, 
Pttll,, PtCl, and PtCl*. These clearly indicate that the platinum 
atom can manifest mono-, di-, tri-, tetra- and faexa-vaiency. * 

Gold is also usually regarded as mono- and tri-vnlent but it also 
a^|>s as divalent as in the compounds AuO (gold dioxide) and 
AuS04(auroso>auric sulphate). 

It has already been :|bown with respect to mercffptaiuc radicles 
and organic sulphides that platinum exhibits all different valencies 
up ,to a maximum of eight. 

* \^^th dithjo-ethylene glycol CtH«(SH},, piatinfe chloridS reacts 
accord!;^ to the following scheme giving compounds of ter-> quadri*. 
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C 

quinque*, sexa- and ooia-valent- platinum according to the conditions 
of the experiment. ^ c 

a;HS CH. CH,8K + PtCl* — >Pt(SG,H,SH), where j:=3,4. 5. 6, 

or 8. 

The nature of the compounds obtained greatly depends upon the 
tomperature of the reaction. With increasing temperature com* 
pounds of decreasing valency of platinum are obtained. This is 
in line with the generail observation already made that nee of 
temperature tends to lower the valence of an Elementary atom. 
Further it should also be noticed that in no case the valency of 
platinum has been found to exceed eight as is required by its po 
sition in the periodic table. 

Now turning to the complex compounds of platinum obtained 
by the action of chloroplatiuic ncid upon ethyl sulphide under 
different experimental conditions, a similar observation regarding 
the co-ordination valency of platinum cau be made. The com- 
pounds obtained may be tabulated as below ; 

ia) PtCl.Et.S. 

(b) PtCl,.2Et,S. 

(c) PtCl,.2Et,S. 

(4) PtCl*.2Et,S. 

(e) PtCl,.2Et,S.2H,0. 

Some of these compauu<ls under ih) and (V/| have already been 
described by Blumstraiid, Tschugaeff and Malschewsky^ 'I'lie com- 
pound (b) has been isolated in six different isomeric m(;dificQtions. 
Of these two have already been described by Bloiustrand and arc 
known as cis-frans isomers. 

Compound (a) may be regarded to exhibit a co-ordination value 
of two only Of the six isomers (.>f the cr^mpound (h) in which the 
co-ordination value is evidently four, constitution of the three can 
be accctunted for in the following way : 

(1) BJorastrand's ci«-coiapound. 

(2) B lomst r and ' s t runs -co rap ou n d . 

II 11 

(8) [PtvEt,S)JPtCl^ 

Compound (c) can be represented as molecular compound of {b) 

II IV II IV* 

and id). [(Et*S).:PtCl, J [ (Et.S), PtCl^ J or [ Pt(Et,S)* J PtCl^ . 
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The former is preferred as, on crystallization from alcohol, 
iit ^ breal^ up into the two constituent molecules. This is 
further confirmed by the action of ammonia upon it, which 


gives an ammonical complex [ Pt (NH,) .] Cl,. 

(.'oinpound Us) can be constituted as H, Pt Qp J .(Et»S)4.H,0 


showing? a hj^her co-ordination value than six. 

(’ompound ia) PlCl.Kt.^S cannot be adequately represented 
bv Werner’s theory an<l it must be as.^unied that the co-ordi- 
nation value of the monovalent platinum atom is two. By the 
action of bases like ethylainirie, benzylamine, pyridine and piperi- 
dine it gives cotnpoumls of the typ«-, PtCl* , 4B ; Pt 'l,B,Et,S; 
PtCl,.2B;2Pt (’1.4B.Et,S. 

The compound (c) ,S, 2H,(), i;y the action of bases, 

gives compounds of the type PtCl,,2B and PlCl.,,2B, 

Similar com[»ounds have also bt*« n obtained from platinic chlo- 
ride and ben/yl sulphide. 

What ha^ stated regarding the valency of platiitum applies 

equally well to the case of gold. As is well-known gold usually 
forms Compounds of tht- mono- and tri-valent l>pe and only in rare 
cases of thf divalent type, Ihit with respect to mercaptanic rq/3icles 
it rese4ubh‘s platimim forming compound-^ in whi(*h it behaves as a 
hi-, t*‘r-t quadri-, and quinqut‘-valent atom. Biethyl disulphide and 
at*ric chloritli* have hven found to give a crystalline compound of 
thc^composition 2AuCl.j . hU the gold apparently behaving as 

divalent and a white amorphous powder having the composition 
Au^CI,.Et,S,. * 

JBy the action of atiric chloride upon the monopotassium 
sail of dithio-eihyhuie glycol, a compound of the^ composition 
Au, 01 .( 0 , 1448 ,), has been obtained. This can bt* represented 
constitutioually either as 


11 S.O,H *8 III OH,-S IV S-CH, 

Au< >Au01, or, I >Au< | AuCl. 

SC.H^-S OH,-S S~OH, 

I ^ • 

In tbo first case one atom of gold acting in bi- and the other 
Jit'omln ter-vaibnfc condition. In the second case it is i^bgarded as a 
• m(9lecular compound of aurous chloride with •quadrivsSent auric 
thiogly collate. 
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Benzaldietbylene tetrasulphide with auric oblorido yields the 
compound, 

S—C.H. — S 
Au,OJ*. 2C,H,-CH< ) 

which may bu represented as a molecular compound >like 

2AuCl.AuCl,.2C:„H,-CH< 1 

the gold functioning as mono- and bi-valeut. When, however, 
benzaldiethylene trisulphide is similarly treahd, the molecule is 
broken up and compounds of dietbylnue disulphide are obtained, 
thus : 

S — ( ’ , H 4 t ’ , H * 

>S-^S< >S 
S-C,H. t’.H. 

1 :4-Dithian. 

The following compounds have thus been obtained : — 

(a) 6A.AUi<.!lj, 
ib) 5A.Au, Cl * 

(c) 4A.Au,CU 

(d) 4A.Au,Cl,. 

(e) 3A.Au,Cl, 

(/) 3A.Au,Cl, where A = 1 ;4-dithian. 

It is very difiicult to explain the anomalous nature of these 
chlorides according to our usual conception of the valency of gold. 

Compound (a) can only be represented as a sulphonium com- 
pound in which the gold behaves us hi- and ter-valent respectively. 

Compounu tb) and (e; cun be regarded us molecular compounds 
like 5A, 2AuC'l, AuCl,; 4A, 2AuCl, .\u('l,. Com{>ouuds (d) and ie) 
should be regarded as sulpbonium compounds like (a), and (/) as a 
molecular compound of 2Au('1.3A. 

Triethyiene trisulphide with auric chloride on the other hand 
gives two compounds, namely, 2AuCl,. and (C.R^si),, 

AuCl,. These can* of course be represented a i simple molecular 
compounds of tervalent and bivalent gold respectively. Or, we may 
consider them as .sulpbonium compounds with qiiinquevulent and 
quadrivalent gold respectively. 

By the interaction of sodium dithioetbyiene glycol and auric 
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chloride in acetone solution a quinquevalent gold compound of the 
*fO)!tnula« 



has been obtained. When the reaction occurs in ethereal solution« 
the compound Au,(^l.(C,H,S,), is obtained, the gold retaining its 
tervslenoy intact. 

The actidb of bases like ammonia and pyridine upon some of 
these gold compounds has brt;n studied. In almost all the cases 
the final products consist of molecular compounds of monovalent 
gold, AuCl. 

By the action of arnmorria upon Au,(^l,. ((’,H*),S, a compound 
of the <roniposition Au..iCl,. fiN'H, has been obtained which cannot 
be accounted for by the usually accepted valencies of gold. 

It can thu.s be concluded that valency is variable, and it is 
significant that two of the most noble metals platinum and gold 
exhibit the greatest possible variation in this respect.’ 
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Preparation of 4>Acetylamino>3>Chioropheny’l 
Stibinate of Sodium. 


Bv SuDHiR Chandra Xiyooy. 

The compound to be described in this communication is known 
in trade as “Von Heyderrs 471“ but no details as to its method of 
preparation or properties seem to have' been published by Heyden. 
Kecently Brahmachari and Das (J. of Indian Midical Research^ 
18» 17) have prepared this compound by ilie chloriuaiion of //-ncetyl- 
amino-phenyl stibinate of sodium with sodium hypochlorite. 

The method of preparation described in this paper is entirely 
different. (1) The starting material is iK)t acetyl /epbenylenediaminc 
but 4-acetylamino-3-chloroaniline. (2) Von Heyden 's method 
{Fabr, Heyden, D, R. P. 254421) for the introduction of an anti- 
mony complex into the aromatic nucleus is u tedious protjess and 
unsatisfactory as regards the 3 Meld (which is of the greatest 
importance in this case). Perej" May (J. Choo, Snr., ]9I2» 10i» 
1037) has shown that dinzonium chlorides form additive compounds 
with antimony trichloride solution, which are only very sparingljr 
soluble in ordinarv’ solvents. These when decomposed with sodium 
hydroxide solution give off the diazo nitrogen and the antimony 
complex goes into the nucleus. 

Expkrimental. 

/ 

4-Acetylamino-3-chloro-aniline (4 g.) was dissolved in hydro- 
chloric acid (5 c.c.) and water (15 c.c.). This solution was cooled in 
ice and diazotised. After the diazotisation, hydrochloric acid (5 c.c.) 
was added. Antimony trichloride solution, prepared by dissolving 
antimony trioxide (4 g.) in hydrochloric acid (15 c:c.), was added 
slowly to the solution of the diazoniuin with stirring. A 

crystalline precipitate immediately separated. The whole was then 
kept in ice foa one hour and then filtered at the pump. The preci- 
pitate was I washed ^twice with hydrochloric acid (rf l'!2) to remove 
antimony trichloride and then with water till free from acid. 

The mass was beaten up with water (60 c.c.). Sodium hydrexide 
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(6 ^.) in wiy^er (20 o.c.) was added gradually with vigorous stirring. 
Rapine volution of nitrogen was noticed and the stirring was conti- 
nued till it had appreciably slackened, and the whole was allowed to 
stand overnight. The liquid was then filtered and the residue twice 
extracted with snytll quantities of boiling water. The combined 
filtrate was acidified with dilute sulphuric acid when the free acid 
separated as a light flocuulent precipitate. This was washed thorough- 
ly with water remove inorganic impurities dnd then beaten up 
with a small quantity of water. This emulsion was sligj^tly warmed 
on the water-bath and sodium hydroxide solution added drop by 
drop till the whole had gone into solution. The solution was (jon- 
centrated on the water-bath and absolute alcohol was added in 
excess when the sodium salt of 4-acetylamino-3-chlorophenyl 
stibinic acid separated. This was collected, washed with absolute 
.alcohol to r»>move alkali and dried in a vacuum desiccator. 

The course of the reaction may be shown thus ; 


HHAc mhac 

0 “- 0 ''- 0 “ 


flH. 


NHAc 
Cl 




0 


N,Cl*S<^Ct 
MHAc ^ 


0:S^< 


OH 

OH 


-0, 


Cl 

OHa 

OH 


3 


I^mperdcH, A brown ainorphoui^ powder, soluble in water, 

iht* solution boinj^j iieutral to litmus. It does not "ivo the diazo reac- 
tion. (Found; N. :va ; Sb, 32*8. C,.H,0*XClSbNa requires 
X, 3*8 ; Sb. 33-3 per cent.). 

My thanks are due to Prof. H. K« Sen for the kind inTbrest he 
has taken in the course of this work without which it would have 
been difficult for mo to finish it. 


Dkpaktmext of Appwed Chemistuv. 

Univkichitv CotxEOS OF Science Received Oct^er 10, 1926. 

& Tecbnologv, cAcutta. 
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A Theory of €k>loQr on the Basis of Molecular 
Strain. Part II. 

A General Exposition of the Theory. 

By SlKHIBHUSHAK DtJTT. 


Thi! first part of this investigation iias ain^afiy been published 
(./. Chrm. Soc., 1930, 129, 1171). The present work is only an 
extension of the latter with a view to a general exposition of the 
theory . 

On systematic investigation of the whole series of organic eoin- 
*)>ound8 it is found that the unsaturated groups may be arranged in 
^lie following or<ler of increasing absorptive power: — 

C:C. C i C O. C:K. C ; X. C:S. N :N. X:0. 

In an union between any two of those atoms by double linkage, 
the valency’ directions tend to straighten out and coalesce or form 
u pair of.parallel lines under the opposing forces of repulsion ; 


/C\ + 


'-c'' 





Cnder such conditions the total angle distorte<l between each of 
the following pairs of atoms from theoretical considerations is us 
follows : — 


1. 

C:C 

. • • « • « « • 

H>9 •.')“ + 109 5“ =219^ 

2 . 

C:N 


109 • 5 -f 120 =229® o 

a. 

C:0 


109- 5 + 180 =289® a- 

4. 

N :N 

■ • ••• ••• 

l2f)-»-120 =240® 

a. 

N:0 

• • ••• 

120+18t» =3(X)® 

The only 

anomalous case in the abov« 

j table from the point of 

absorption is 

that of the carbon-oxygen 

double bond, because from 


^lieerctical considerations it should be a much more strained system 
than the nitrogen -nitrogen double bond, but from considerations 



100 


B* DUtl* 


of its absorptive power (for absorption maximum) it is found to be 
a less strained system than even the carbon -nitrogen double bond. 
This fact must have a direct bearing on the remarkable ''tabili^>y of 
carbon monoxide and dioxide, which from their chemical and physi- 
cal properties seem to indicate that there are practically very little 
strains in the systems. It is also a very significant fact that car- 
bon has got the strongest affinity for oxygen which it will abstract 
from any oxygenated compound under suitable conditions. So it 
appears that the actual angle distorted in on union of carbon and 
oxygen by double bond is not 289 * 5^ as given in the above table, 
but considerably less, because for want of repulsive force between 
the atoms, the actual valency directions will not be straightened 
out into parallel lines, but will maintain a considerable dc'gree of 
curvature (as in a magnetic field) in a stable union, thereby retain- 
ing the greater portion of the angle between the two consecutive 
valencies of each atom in an undistorted state. Thus; — 

/C\ -f o 


There is also another fact which may be brought to bear on 
this point, and that is the quadrivalency of oxygen, which is veil 
known in most of the pyran derivatives, and also in many heterr - 
cyclic compounds containing oxygen in the ring. Under such 
circumstances where oxygen behaves as a quadrivalent element, 
its actual valency directions may be supposed to be nearly the 
same as those of carbon, so that by the union of carbon and oxy- 
gen by double bond, the actual strain produced is the same as in 
a carbon to carbon <louble bond. Tn cases where oxygen behaves as 
an apparently divalent but potentially quadrivalent element, 
this strain bocomes a little greate**, because the angle between its 
two active valency directions must necessarily be greater than that 
between the two latent ones. And since practically in every case 
where oxygen is known to behave as a quailrivalent element, it 
never exerts its latent valencies unless under somewhat forcible cir- 
cumstances, so it will be clear that in a carbon-oxygen double bond 
the actual strain ;... a little greater than in a c irbon-carbon double 
bond. Similar is the case where an oxygen atom joins one or more 
systems witn formation of a pyran like derivative. There the 
actual strain becomes a little greater than in the corresponding 
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bdinocyolic derivative containing carbon* in place of oxygen. 
Tbua ; — 


000 CQO CcO 

CH, ^ O 

Xanthene Dihydro- Diphenylene 

2970 anthracene 2700 oxide 3030 


CcO 

CH^ 

Fluorene 

2935 


CpC* CO'c 

O CHj, 

Coumarane Tndene 

2H30 2770 


CMj,-CH2 

I >0 I ^ >CH. 

CH^-CO ' * 

Butvrolactone cycio Pentanone 
' 2000 *2730 


'I’he fsict that C :() in a ketonii* or nldehydic compound has got 
a gn‘ater absorption than that in the carboxyl may be accrounted 
for by the assumption that there is a difference of configuration 
and therefore of strain in the two systems. While ketonic or al- 
dehydic C’:() contains a true bivalent oxygen as is shown by the 
^tormatioii of the dichloride b\ phosphorus pentachloride, the car- 
boxylic C:C) contains the atom in a quadrivalent state, so that 
the structure of the carboxyl may be represented by the following : — 



This explanation wdll account for the greater reactivity of the 
cai6oxylie hydrogen as compared with the alcoholic hydrogen, 
bocau.se in the former case the hydrogen is attached to a quiuiri- 
valent oxygen by one of its auxiliary valencies, while in the latter 
case the hydrogen is attached to the bivalent oxygen by one of its 
nornfal valencies. 

Amongst the five systems of dyuble bonds, the nitrogen-oxygen 
double bond is the most liighly strained system of all. That is 
clearly manifest in the remarkable instability of those compounds. 
They often decompose spontaneously or on the slightest provocation, 
and are very readily attacked by oxidising or reducing agents. On 
account of high strain in the molecule iht? nitroso compounds arc 
well marked by their |frcat absorptive power. Thus^— • 


Nitros#l>enzene • 
^>-Kitrosotoluene 
NitroBomosityiene 


« • ♦ 


73(K) ter-Nitrosobutanc • 

7300 tor-NitrosoiaopropyUeet-one 
7820 


6390 

6600 
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Bat a the uitrosio group fn In a mohoulc oontaining ft fabih hyd^- 
gm atom, it automatically rcarraagcH itself to a oonditha of Josh 
strain in the following manner; — N:0 — > =sN.OH. Fof ex^pfo 
in nitrosophenol and nitrosodimothylimiline, the automatic rearrange- 
ment of the nitroso groups becomes like this : — 


OH 


^:o 


0 

II 

NOH 




NOH 


, Many of the nitroso compounds tend to lose thtdr internal strain by 
the formation of bimolecular ring compounds, thus : 


2-N;0 


-N— () 

I I 

O— N- 


It is i\ well known fact that tht* nitroso compounds in their bimoh*.> 
cular forms are colourless, while the inonoinolecular forms art» 
marked by their intense colour. 

From the chemical point of view tlu‘ amount of tension in a 
double bond between two atoms is detennira d h} the ffdlowiiijL^ con- 
siderations : — 

(1) The amount of negative affinity or rejxdlant force between 
the atoms. 

(2) The stability of the iiiuleculo containing the double bond 
to physical forces of light, heat, electricity, &c. 

(8) The ease with which the molecule is atiack’ d hv chemical 
agents at the double bond. 

For the fi/st two facts tliere is at present n<» tneaiiK of definite 
measurement. An attempt was ’therefore made to nuaisure tlie 
third factor in the following manner : — 

* Equimolecular quantities (yV mol.) of five substances containing 
the double bonds,— C :(b C : N, (’:0, N:N, and N:0, e.g., stil- 
bene, benzylidene-aniline, benzophcMione, azobenzene and nitrosoben- 
zene were diasoKy'd in the same volume {2(H^ c.c.) of absolute al- 
cohol, the same quantity of colloidal palladium added to each and 
then the solutions contained in air-tight bottles were oonncicted to a 
reservoir cvf pure by/lrogen and under pressure and shaken at frequodt , 
intervals for three hours. At the end of that time the loss of volume 
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td hydrogen due to abftorption was carefully measiired in each case. 
Frote th^ data thus obtained and also from analyses of the 
resultant products as far as possible, it was found that the sub* 
stances were reduced to the following extent ; — 

1. Nitrosobenxene ... ... ... 100% 

2. Azobenzcni* ... ... ... 65% 

3. Benzylidon«.'anilin»! ... ... ... 35% 

4. Benzof^henom- ... ... ... 27% 

5. Stilbene ... ... ^... 7% 

Tn tht^ above instanevs hydrogen was chosen as the reacting ctibmical 
agent, lu'cnust? it is the only agent capable of attacdcing ;ill the 
above five substances. Th<jugh the results obtained are not claim-* 
ed to be very ncctirate, y< t they show plainly enough, that from the 
point of view of internal strain, the douhh* bonded systems may be 
arranged in the following increasing order of magnitude; — C:C, 
0:0, C:N, N:N, X;0. These results are in close agreement 
with those obtained from a study of absorption spectra of compounds 
eontaining these double bonds. 

Now in order to find n relation between molecular strain and 
absorption of liglit. colourless substances having no strain in the 
molecule may be supposed to respond under the infiuenee of light 
to vilfratious of all frequencies in sueh a manner that there is little 
lo.ss of ciierg} . Tn other words a strain-free molecule may be sup- 
pci^ed lf< be an elastie and almost frietionles-s system which trans- 
mits vibratory i-neigy prnetienlly without any absorption. The 
natural fx*equ(ticy ,>f resonance of sueli n .system under the infiu- 
cuce «)f a lu rioilie force such as light is not expected to be of any 
definite eliaractor. but in all iiossibility it will resonate with vibra- 
tions of verj high frequency mainly, and with h>rced^ vibrations of 
lower freque.nci«'s to a less extent. So that the molecule under 
such circumstances will have a slight, more or less general absorp- 
tion over the whole range of the spectrum specially in the infra-red, 
owing to the greater energy carried by the latter vibrations, and a se- 
lective absorption at high frequency in a region which lies far int-o the 
ultra-violet boyonci the range of the quartz specttfigraph. This is sup- 
ported by the fact that absorption bands in the shorter wave- 
lengths have 'increasingly sharp and narrow boundaries, while the 
Boundaries towards the infra-red tend to beconqp progreasively wide 
and indistinct, thus showing that with incre asc of wave-length and 
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hence increase of energy content, forced vibrations of the moleo^le 
become more prevalent, while with shorter vibrations and cphse- 
quent less energy content, the major absorption is due to 
roBonance.*' 

By the entrance of a double bond, that is a region of strain in 
the molecule, n certain amounnt of frictional force is brought into 
play, so that the molecule now begins to absorb a certain amount of 
energy on account of the damping effect of friction^ on vibration. 
Consequently the system now resonates with vibrations of lower fre- 
quency, and the selective absorption of the molecule is brought 
into the ultra-violet region of the spectrum. As the strain in the 
molecule increases, the frictional force also increases, so that the 
.molecule can only resonate with vibrations of diminishing frequency 
containing increasing amount of ent*rgy. Hence th<! selective absorp- 
tion of the molecule gradually shifts towards the red end of the 
spectrum. • 

The strain and consequent friction may be regarded as the po- 
tential energy of a system containing a double bond, which in 
many cases is gradually expended in counteracting the physical 
force of light. It is a well known fact that the vast majority of 
dyestuffs get bleached under the inlluence of strong sunlight 
sooner or later. From the heat of combustion of unsaturated 
substaiees it has also been established that they contain more poten- 
tial energy than corresponding substances without unsaturatiou. 

Colour and the chemistry of coloured substances have invariably 
been linked with the constitution of the benzene nucleus. From 
the amount of work that has been done on the sulqect, it appears 
that there are three double bonds in the molecule, of a modified 
character, not giving under ordinary conditions the reactions of 
olefinic linkage. In all probability the double bonds are in a 
constant state of oscillations and reikrrangement through the various 
phases of Kckule’s, Bayer’s and Jiewar’s formuhe (cf. Ingold, 
J. Chem. Woe., 102.3, 123 , 2060; also 1022, 121 , 1133, 1143). Under 
such circumstances the benzene nucleus presents a spatial character 
of want of static strain, which otherwise could be expected from a 
cyclic structure containing three fixed double bonds. On account 
of this peculiar character, the actual strain in the benzene nucleus 

• 

* Bands are obtained instf^ad of lines which would be expected of resonancoj^ 
because the str&in though mainly remaining constant, may vary within narrow 
limits, on account of different positions which groups joined by single bonds may 
take in space by free rotation around the bonda. 
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becomes less than that in another system of six carbon atoms 
cOntainiTig three fixed double bonds as in hexa-triene. For while 
ben^ene has an absorption tnuxitiium at about A'JaUi), hexa triene has 
an absorption at about A20 <mk it is also a significant fact pointing 
to the same conclusion that hexa-triene is attacked by chemical 
reagents with far greater rapidity than l»<*nzene. 

When the internal strains of benzene assume a more static 
form as in ^ho formation of a quinonoid or similar structure, the 
total strain in the molecule becomes aiuch greater tban when the 
strains were in an exceedingly labile dynamic foftTi. That is the 
reason why ihc! quinonoid forms of benzt iie show more* colour 
development than the correspomling non-quinonoid forms. That 
is also a r ason why dyes that are quinonoid in all p )ssible tauto- 
meric forms are lut^rc colouretl than those which liavc* an iutcr- 
laediute nou-quiuonoid form irj. Watson J, (lirfn, S.»c., 1914, 105. 
700). The fulvenes are luure coloured than benzenes, because- 
unlike the latter the internal strains in them are of perfectly static 
nature, and hence more powerful than in the benzenes. This is 
also shown by the greater reactivity of the fulvenes as compared 
vvith the benzenes. 

The theory of chromophores and auxoehromes as propounded by 
Witt and others is nothing but a vague and indefinite statement 
of a general phenomenon. A chromophore is really an organic 
inoleculo containing one or more seats of tension of various characters, 
wjtiile an auxoehrome is a group or radical which essentially facili- 
tates a static re-arrnngement of the internal strains of the benzene 
nucleus under suitable ci>nditious. Jt is in reality a vulnerable point 
in the benzene *niu*lcus which by the action of various chemical 
reagents hel])s in the fixation of the strained structure. 

The number of ways in which the internal strains.of benzene 
nucleus may be arranged in a statTc form is large, but the following 
*uny be given as a few typical examples: — , 

12a 4 56 

0 O' ^ *6; •:a 

m * 

The first ia the well known f»iirrt-q\iinouoi<l Ktrnetiire. The 
.>ec!oi^ is the equally well known orCko-quinouoid structure. A 
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oomparisou between the two structures from tlie spatial point of 
view will show that No. 2 is the more strained system of the two 
because of the i^xistence in it of unbalHUce<l tension, and also that 
while No* 1 has one degree of freedom. No. 2 has none at all. 'I'liis 
will account for the fact that f»r^/n>-quinouoid strui'tures alwa\s slum 
more colour than the corresponding /i«ra-quinoiH>id structures. 

Structure No. should In* the air /a-qiiiiionoid structure. The 
existence of sueh a structuri- lias been denii*d h\ nrjaiiv clu'inists, 
but there is no reason wliatt^ver lliat it sht>u)d not be capable of 
formation, though it is mueli less likelx than tin* otln^r two structures. 
The violet colour of quiuo-phthaiein in alkali (*an easilx be expluiiu'd 
by the assumption of such a structuri' as Meyer has shown. Tin- 
same may be said of the constitution of tt*traphenyl-m-xylein‘ 
prepared by Stark and Garben (Bcr., lUi;b 46f 

Structures No. 4^ o, t» etc. are also known in the polv-quinoyl 
derivatives of benzene, « uitranilic acid, rhodizonic acid, etc* It 
is also possible to assume their ixistenee in the jioly-hydroxy deriva- 
tives of anthraquinoiu^ w hen the\ are dissolve<l in alkali, w luTeln 
greater strain is introduced into tli** systems and the colours are also 
greatly intensified. Thus: — 


OH 


Alizarine iu alroho) 
1300 

r 

CO 

OH 

OH 
CO 

» 

2 :3 . Dihy <1 rox y . ao th raf j uinone 
in alcohol 4480 




Ok 





C 
I 

OK 

Ali/ariiir in K( Ml 
r>7an 


OK 


001 ;: 


C 

I 

OK 

f 

2 :'‘i-f>il)yilroxy-aiilbrariaioon(! in 
KOH «0R0 


Jn a system that is under strain, the effect of a load is to increase 
the strain provided it acts within close proximity of the strain. 
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The further awny thi* li>ad is from tlif pojsitiun of ilu* strain, the loss 
wilHaj thP effect. InttTe.sting examples of tliis pIieDoinenoii will he 
found in the fluorescein series in which the effect of suhstiluents on 
th<‘ two heuziMie nuclei lu arin^^ the two hydroxx ;;ru\ips \s ill he to 
produce an incri‘ast‘ of strain <»ii tin* pxmni* oxxj^en linking which is 
already in a <'<indition of strain stfimt). Hence a substituent 

will he most ettieient if it is n<*aresl Ut the* ox\^<*ii atom. Tie 
further away is fnan tin* atom the l4*ss will he tin* effi rt. Tims: — 


"OX'’ “ai:) 

c « 0 ^ 

tycoon ^ 


l’iuurusc<‘u» 

leiti 


OH 

COOH 


I'lilorojihioitKil- 


HO 

HO 


ox;: 

6' 


rCOOH 


HyflroxjijLiinoI- 
pfitljalein, 5540 


UN O OH 

-xo 

c 

0 


COOH 


Similar is the eas^* with j>yranoi <l\is e< »iit aininu a }>> rc»iu* oxygen 
atom. Thus <\Vat*-on, **t 'olonr in IJelatiMU tot'hemi(*a) ( 'onstituiion'* 

j). — 


OEt. 


OEt*o 


OEl 


O OH 


“XX' '"XX'- 

C OH c c 


c 

t 

Me 


5550 


C 

? 

Me 


57ao 


c 

I 

Me 

0130 


{vhen sin foinpound is converted into a r\ui: com- 

pound. tin'rf is neni rnllv produced an increase of strain due to 
jlist^rlion of Hie normal valency directions of the atoms, and 
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consequently the total 
increased . Thus : — 

strain of 

the molecule is also 

« 

greatly 

f 

« -Butyl-benzene 

... 2580"^ 

Benzil 

4080 

Tetrahydro-naphthalene 

... 2740 ) 

Phenanthraquiiioue 

4440 

Benzophenone 

... 30001 

V 

... 3610 J 

Diphenylamine 

293(1 

Fluorenone 

Carbazole 

f 

3030 

Diphenyl-methane 

c 

2570 

Diphenyl-butadieti 

31tw> 

Fluortne 

... 2935 5 

Bcnzal-indenc 

378<» 

<t.£thyl-uaphthalene 

... 278«) j 

<jl\oxaiiilide 

3650 

Acenaphthene 

... 2890 5 

Isatin 

4120 

Stiibene 

... 2860) 

Tetraphenyl-ethyleno . 

3210 

Phenanthrene 

. . . 2930 i 

Bis-flnorciie 

5270 


When two source^i of strain in a inolecuK* are in juxtaposition, 
to one another, either acting on a common atom or st‘parat^*cl hy only 
one single linkage, the total ot tlu* strains will i)c greater than 

in the case where the strains ar<* separated hy some distance. 
The reason lies in the fact that when an atom has two of its valency 
directions in a double bond, the ri^maining valenc\ directions though 
singly linked are in a somewhat straini'^l condition due to the 
distortive effect produced on them b\ the doiibh- bond. Thus: — 


Xa^ni'. 

Fttrm ultt. 

maj'iina. 

.4cetune 


2630 

Diacetyl , 

CH,.C :0.(; 

41'j0 

Triketopent ane 

(’H,,.C:0.<^;0.C;0.CH, 

4830 

A6etylacetono 

CH,.C:O.C'H..C':O.CH. 

2730 

Acetonyl-acetone ... 

CH,.C .O.CH, 

2730 

Benzophenpne • ... 

C.H..C:O.C.H. 

3000 

Benzil 

C.H,.C:0.C:0.r.H, .. 

,4160 

Diphenyl-triketone 

C*H,.C:O.C:O.C:O.CeH. ... 

4900 

Benzoyl acetophenone 

C.H,.C:O.CH,.C;O.C.H. ... 
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* • 

A somewhat similar thing also happens if one of the benzene 
uueK^i^in a •fused ring system is hydrogenated so as to remove its 
interna) strain. Thus: — 


Naphthalene ... 2700 

'I’etruhydrO'naphthalene... 2 
Anthracene . . . 2950 


Dihydro-anthracene (9 ; VO) 27(X1 


700 ^ 

740 5 




Benzene-azo-4-naphthoi 

Benzene-azo-tetruhydro-4- 

naphthol 

Carbazole 

Tetrahydro-carhazole 


4990 


4150 J 


3030 

2780 


Similar is the reason why substances with conjugated systems* of 
double linkages are always more absorptive than substances with 
non-eonjngatial syslems of double linkages, that is with double 
linkages widely separated (<■/. Crymble, Stewart, Wright and Glendi- 
ning J. CIu »n. Snc., 1011, 99. 451; t'ryiiible, Stewart, Wright and 
Rea, ibid, p, 120*2). 'I'hat is ul.so the reason why reduplication 
fir superposition of ehromc*phores with widely separated seats of 
, !j^raiu does not produce the desired increase of colour (Dutt, 
./. Chrm. Soc., 1020, 129, 1171). 

When two sources of strain act- on the same atom, the effect is 
still more intensified. Thus : — 


>(' :HC(* 

CH, 


C.H. 

><■ :t' :l) 

C.H. 


Mesityl oxido, 21»10 


Diethyl k« tene, 


C„H,CH :t’H t :0 t’H, 


Ciimsmono, 2U70 


>C :C ;0 

C.H. 

* Diphenyl ketene» 


The greater portion of (he speciro6co}>ic work has been carriciJ 
out ill the laboratory of Prof. A. Fowler of the Imperial C'ollege. 
flondonr to whom my best thanks are due, 
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Edwin Roy Watson. 

liftn I ; /)/<■#/ \t*ri'inhrt^ 

l^V U\\\.\ K.VIlTAfJ Sl.NiJH. 

Efiwin Ho\ WmIsoii. son ot William W;itscai and Emily 

\\ atson (n»‘n Bonfh was ediicatt^d at ih«* Noitiiighain High Sf'luxd, 
whi^re he held st holarships throiijjhout Ids school car*a r. He wcin 
up to Jt‘sus (’ollccr*. ( amliridge, in ]HW with the seniv enti’anta* 
scholarship. He tjldained high Hr»nours in Ihe first part of the 
Natural S<'ien<*es Tripos in ItM>l and in the secontl ]»ar1 in He 

two vears (lU<i2-<>ti in post graduate research in t*heinislr\ 
at ( ainhridgc under the guidance of Dr. S. Huheir»anij. He came 
out to Irnlia in !0n.| as Professor ot ( hemistry at the Sihpur 
l\ngineering i 'ollege, Bengal. After al»out two years' work there, 
lie >\ as transfern‘d J nu ca < ‘oilege, Dacca, in a similar t-apacily 
vrhere he worked til) P.*2I. ffe was then transferre<l to < 'awnpore 
a? Principal <>l‘ the newly e.stahlished Governinent Technologi<'al 
Institute. He \\ as ovtrworked timing the latter part ot his sta'vice 
an<l conscquentl\ suffered from a nervous breakdown, which nect*s>i- 
tated^ his taking Icavt* out of India last April. He consulted some 
niM’vt specialists in Switzerland, but finding no relief there, he 
returned fo London. IL* did not reco\er from mental dcprossic»n» 
and died in Noveniltcr P.i'Jib und«'r i*ircumstan<*es of pe<*ijliar sadness, 
at tln-^earlx age c,»f fort\ six. 

Watstai t'iok a vtuy prominent part in the development of higher 
chemical teaching in this <*ountry. and tlie object of this note is to 
d<‘scribe some of his cont ribut ions to chemic*al '^cience. Besides 
l»cing a v<*r\ aid*' and attra<*tive lecturer in chemistry, he i)rose<*uted 
research verv \ igorousl\ b*>th himself and with the h«>lp <»f his 
advaticed students. 

Watson publiy^hed three papers in 11M»1 at ( 'amliridgt. twe (*f 
them joint In with Dr. Buhemann and the third independent In . The* 
fijst of these papers (./. *S«»c., P.Mit.85* doth dealt with the pre 

i»anition of ket<ines ot the acetylene series Nvith a to see whether 

they are transf«>nne<l Uy the action of bases into hi^‘roc\|.!lic taau- 
pounds similar tf» those formed from tin.* esters of the acetylene 
scrips (iTuhemiinn and Stapleton, J. Nec., HMXK 77*2fJU). 

* fti the sct'ond paper (•/. ('hem, Sac., P,H>4. 88* 1170) *it was 

shown that unsaturat€‘d ob'finic kelonic compounds form aildition 
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products with organic bases and that these additive compounds 
which are first formed, subsequently undergo further cliangei.. 

In the third paper ( J. Chcm. Soc., 85* J3J0 j Watson 

showed that the action of bases on acetylenic ketones is to form 
additive compounds by the addition of the base to the carbon atoms 
of the acetylenic linking. This behaviour is *anaK>gi>us to the addi- 
tion of bases to olefinic ketonic compounds. This research had also 
as its object the preparation of acetylenic ketones. 

On his arrival in India* Watson made a break with the above 
type of research, and started on an entirely new line. He studied 
[J. Chctn. So(\, 1906, 89 , oTH) the electrolysis of silver nitrate by 
altering the current-concentration and density and also the strength 
)f the solution. He found that the anodic product in all cases was 
silver peroxvnitrate Ag, NOj .. The decomposition of this compound 
with boiling water was shown to take place acconling to the* 
following equation : 

Ag,NO,, = AgXO, 4- 3Ag.O. + O, 

One of the products of this decomposition was silver dioxide which 
was claimed to have been obtained pure for the first time. 

From 19(.)9 to 1922 Wailson publishi^d about thirty papers, 
either alone or in collaboration with his pupils, on the chemistry 
of dyes. It will be thus seen that he again returnc^d to organic 
chemistry, but cultivated an entiredy different subject from that 
with which he w’as associated at C'ainbridge. In this resptet he 
proves himself to be at once original and very resourceful. 

His earlier studies in this branch relattd to testing the fastness 
of dyes of the polyhydroxy -bonzophonone series iJf Sffr. ('Utm. I ml., 
1911, 30 , 190). He established that an inen^ase in the number of 
hydroxyl groups tends to diminish the* fastness to light, with the 
exception of the 2 :3 :4*trihyd»oxy ccrnpoimd. Most of th!.*se dyes 
are brightened and deepened by treatment with alkali, and iht^ 
xantLones are not so fast to acid or light as the polyhydroxyben/.o 
pfaenones. This subject was further studied in a later paper 
rj, Chem. Soc., 1912, 101 . 1238). 

In another otriknmunication b/. Soc. Chtnn. Ind,, 1911,30.0^ 
it was shown 't.hat benzone-azo-salicylic acid, when d;^ed with a 
chrome mordant, is characterized by a fastness towards light, aikali 
and acid superior to that of any other simple mono-u/o dye. Attempts 
to prepare similar dyes {ibid, 1912, 31, 908) having the same all 
round fastness, but of a deeper colour, by replacing the phenyl 
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group with heavier hydrocarbon residues, or with other groups 
containing q^romophores. and also by substituting a-hydroxy- 
naphthofc acid residue for that of salicylic acid, met with only parti- 
al success. 

Since many azo-dyes of not more complicated structure possess 
the desired shades, ajaumber of well-known azo-dyes prepared from 
naphthol sulphonic acids were examined {ibiO, 1013, 32, 642), from 
which it was concluded that the rtdative position of the hydroxyl- 
and chromophoro groups is the determining factor in the colour of 
the dye, the ortho-position favouring re<i, violet, and b^ue shades, 
and the para-position giving brown shades. 

In 1012-13, Watson’s attention was drawn to the insect Cydnua 
Indictia ( J. ('hem. Sor., 1013, 103 . .'»48). At Dacca this insect 
is attracted to lights, often in large number in the nights of June 
and the following rainy months. It is notorious on account of its 
strong and unpleasant odour. If is known in Bengali as gandi. 
It is also known as geranium -bug and belongs to the Hcteroptcra. 
^Jaxwell-Lcfroy (“Indian Insect Life”) remarks that “a feature of 
•th* great majority of Heteroptern is the aromatic odour they protect 
themselves with. This odour is due to the secretion by special 
glands of an oily fluid, which is excreted at will from the odori- 
ferou^orifictes anti rapidly volatilises.” Watson found that the 
strong and disagreeable odour of (’ydnua Indicua is due to cyclic- 
heptane ctfrboxylic acid which is present in the insects to the extent 
•of 14 percent., and another substance ?) present in much 

smallEir quantity (O'l — <»'2 per cent.). The intensity of the odour of 
the latter substance cun be judged from the fact that each insect 
contains O'OOtHKt.l <»rain of it, and yet one insect is sutHcient to scent 
the whole room. 

Wat’son’s interest in dye-chemistry was not confined only to 
the i>roduction of dyes of tinctorial ^valuc. He put forwavl a very 
remarkable theory on the relation between chemical constitution 
and depth of colour of dyes (J. Chem. Snc., J1U4, 108 , 759). 
A<'cording to this theory those dyes which are quinonoid in all possi- * 
bl^ tautomeric forms exhibit a deep colour, how’ever simple the 
' molecule may be. Du the other hand, if there is the possibility 
of the molecule existing in a uon-quinonoid form, it asay ngt attain 
a deep colour, although the molecular complexity may be very 
consi^craTde. A shrvey of all the better known dyestuffs frflly bears 
out thfc theory, and it explains remarkable differenges in deffths of 
colour between dyes of very similar constitution. A permanent 
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quinonoid structure alone is not sufficient, for example diiiydroxy- 
p-benzoquinone ; the substance must be capable of „tautomensing 
from one quinonoid arrangement to another. The theory has been 
fully l)ome out by the preparation of dyes of deep colour from 
quercetin (see below). 

The quest for the ultimate cause of colour has led to the pro- 
duction of a great mass of literature on the theoretical side of the 
subject by a number of chemists. Its scientific interest and its 
practical utility led Watson to throw himself enthusiastically into 
this line of research. Tn 1917 Watson gave a course of lectures on 
“ Colour and Constitution*' at the University of Leeds. These 
lectures were published in the following year in the series of Mono- 
graphs on Industrial Chemistry edited by Sir Edward Thorpe (Long- 
mans Green & Co.) and show the great mastery of the subjt'Ct 
possessed by Watson. 

During the years 1911-15, Watson was engaged in the studj' of dyes 
of the fiavonc group. In the first paper of the series (J. (‘hem. Snc., 
1911, 105, 338) experiments were described w hich had as their object 
the introduction of an additional hydroxyl group into the querct„in 
molecule. Dy the methorls employed, however, this could nut be 
effected, because it wai found impossible t<i convert umino-quereetin 
pentamethyl ether by means of the diazo-tfompound into the corres- 
ponding hydroxy-derivative. On the other htmd, amino-quercetin 
was successfully prepared and it was shown that the amino group 
exerted but little effect on the tinctorial property of the dye. 

With the same object in view, naiuidy, to deepen the coiour of 
the dye and to prepare new polyhydroxy flavones which might prove 
of future service in the study of the natural members of the group, 
identical methods were applied to both luteolin and rnorin (Perkin 
and Watson, J. Chein. Soc.t 1915, 107, 198). Luteolin and morin 
after being converted into tht^ijr ethers were nitrated and the nitro 
groups reduced to amino groups. As in the case of the analogous 
quercetin compound, attempts to displace the amino group by 
hydroxyl in amino-rnorin-pentamethyl ether failed. The influence 
of the new auxoefaromes was studietl spectroscopically, and it was 
found that a multiplication of auxochromic groups resulted in a 
widening of f^'e principal absorption band, and a slight shift in its 
position towards the red end of the spectrum. The effect on the 
second bemd which lies in the violet and uitravbilet was ai^arent 
in the spectroscope, but alteration in this bond had little influence 
on the visible colour of the substance. It was established that 
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wheruaii axi increase of auzoohromes deepens the colour very consi- 
derably sn certain groups of dyes, as is shown in the difference 
between * alizarine) and alizarine blue W. B., and fluorescein and 
gailein, in other oasest such as flsvone group* a similar multiplication 
df auxochromes has very little effect on the colour. 

The foregoing m^hods having, failed to produce deeper-coloured 
dyes, various other attempts were carried out (J. Chetn. 8oc., 1914) 
10^1 ; 1915, 170 , 1477). G'-Nitroquercetin pentamethyl ether 

was partly demethylated, yitddihg G'-nitroqueruetin dimethyl ether 
but this was found to be useless fur dying purposes* Various 
nttempts to introduce additional auxrxrhromes failed, and the multi- 
plicittion of chromophoric groups in the molecule also gave rise to 
unpatisfiictory results. Sucee.ss was obtained in another way. The 
objective sought was to introduce into the molecule some substituent 
which would produce a permanent quinonuid structure, and this 
was gained by replacing the pyrone ketonic radicle by the group— 
lyltOH. The new compounds of this type might be expected to 
nvicmblc in behaviour the dyes of the triphenyl enrbinol series. 
t'(ffnpoun<ls of the following structure (I and II) were, therefore, 
prepared by the actiou of tirignard’s reagent on quercetin pentaethyl 
ether and subsequent de-etliylution with hydriodic acid. The base 
corresponding with II dyes w'ool violet or crimson, according as to 
whether alum or tin is used. • 


I 



EtO • 
et 


I 



HO • 

et 


* Ttfts series of oouipounds possesses considerable^ interest in coa- 
nectioii with the colour of flowery fruits, etc. Willstiitter’s work 
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(Willstiitier and Mallison, 8itzxiny$bvr. K. Ahad. Wise., Berlin, 1914* 
769) has shown that these natural colouring matters are very dlosely 
related to the compounds obtained by Watson and his phpils and 
possess very similar properties. 

Other studies by Watson relate*! to the preparation of dyes from 
phenanthraquinone (J. 8oc. Chem. lud., 19ir>f84, 11H6; ,1 . Chrni. 
Soc., 1921, 119 , 1211) and of sulphide dyes (J. Chrm. Soc., 1920, 
117 , 830 ; 1922, 121 , 1939, 2414). 

In 1921, Watson was selected as Principal Sf the newly estab- 
lished Teejmological Institute at t'awnpore by the tlovcmment of 
t^e United Provinces. Watson threw himself, with his usual enthu- 
siasm, into the organisation of this new Institute. H»* took a very 
considerable part in teaching and carried out a good deal of research 
work in technological subjects, .some of which is published in the 
Journal of our Society. He was forced to abandon his chemical 
studies on dyes on account of the nature of his new duties — a 
circumstance which ho much regretted. This ilivorcc from his 
former scientific studies wu< keenly felt by him and coupled with his 
heavy duties at Uawnpore hastened his tr.'vgic and pnauature *ler(lh.‘ 
At Dacca also ho worked very hard and spent about ten hours daily- 
in the laboratory and trained a band of students’, in rosearcl., who 
are now serving as successful teachers of chemistry in different 
parts of the country. His simple and straightforwanl manner 
greatly endeared him to his students and colleagues. 

Watson received the degree of Doctor of Science of the Univer-* 
sity of Dondon in 1913. He was President of the Cheftiistry 
Section of the Indian Science (’(ingress hehl at Dangabire in 1924 
and gave a very illuminatitig and interesting addr.pss on the organisa- 
tion, direction and stimulation of chemical research (/'ror. Eh-vrnlh 
Ind. Sci. i'tnifjreHH, 1924, <i8). He was a Vice-President *if the 
Indian Ghemical Society, the |pception of which owes much to him. 

Watson tnarried J^ily Mary Hurtston, of Leamington Spa at St. 
Oeorge’s Cathedral, Madras, in October, 1908, and had two children 
' who died in infancy. One of his brothers, Harold Argyll Watson, of the 
Indian Civil Service, is at present serving in the Madras Presi- 
dency. Watson's main recreation was painting and he had exhibited 
with success ert Simla, Naini Tal, and other fine arts exhibitions. 

His death is a very great loss to our Society in particular and to 
Chemical Science in general. He leaves numerous frien<ls l>oUi in 
this country and in England to mourn his loss. '* * 



Peptisation of Metallic Hydroxides in 
Presence of Sugars. 

By M. B. Mkhkotha asd K. C. Sen. 

% 

It is well known that in presence of some non -electrolytes like 
glycerol and sugars, the precipitation of many metallic hydrc>xides 
by the addition of caustic alkali to the salt solutions is often prevent- 
ed. The nature of the substances formed in .soiutiuii was however 
in doubt for many years. Graham t./. T/if /a . Soc., 1862, 15, 2rs-lT 
considered that .sucrales of copper and iron wjrrc present in the clear 
liquid when caustic alkali was added ii> a solution of c^jpper or iron 
salt in presence of cane sugar. Until receutiy quantitative experi- 
ments in this line were wanting th<mgh many qualitative observa- 
tions have been made ((’/. Banendt, Ihiti li. A. lii'pori nu i’oIlniJ 
(’hi tHtHfrii, p. 2). In a previous paper one of the present authors 
(Sen and Dhar, Kolloid Zril 192^1, 33, 19r*i has studied the peptisa- 
tion of various hvdroxides in presence of some non-elect ml vtes in a 
semi-quaulitative way, Hecentlj- Kuhn and Pirsch {Kolhdd^Zvif 
1920, *36. lUti, and Zsigmondv Festschrl in Wo. Ostwald’s lalnaadory 
have made a detailed study of the peptisation of bismuth hydroxide 
ini presence of several sugars in the same wax as Sen had previously 
done. As the subject is an interesting one aiitl .seems to have an 
important bearing on the general theory of pepti.sativon, it was 
considered desirable to undertake some more quantitative xvork in 
thfs connection. The peptisation of copper, mercury, iron and 
cerium hydroxides has been studied in presence of sucrdi>e. dextrose. 
Itevulose and lactose in various concentrations, and an account of 
these experiments is given in this paper. 

Experimental. 

Semi-normal solutions of the chlorides of 4iie, u^ctals (except 
that of mercury which was one third normal) were prepared. 
^The* standard solution of mercuric chloride was * prepared by 
vf^ightng out the required quantity of the salt; thostf of copper, 
cerium and ferric chloride wore mode by diluting strong standard 
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solutions in which copper was standardised against thiosulphatei and 
iron and cerium were estimated gravi metrically. Solutions of sugars 
(Kahlbaum’s pure chemicals) were also prepared by weighing. The 
solutions were all molar except that of milk sugar which was usually 
semimolar. A seminorm h 1 caustic soda, free from carbonate as 
much as possible, was prepared to form the hydroxides of the 
metals. The amount of alkali added was always in excess of that 
required to form completely the hydroxide of the metal. The 
minimum amount of any sugar necessary to prevent the formation 
of a visible precipitate was found out as follows. 

A known volume of the salt solution under investigation was 
measured out from a pipette graduated into a hundredth of uc.c. and 
mixed with varying amounts of sugar solutions in test tubes. In 
other test tubes a definite amount of alkali was diluted with calcu- 
lated amounts of distilled water in order to make the combined 
mixture salt plus sugar plus alkali 1.*> c.c. The solution of caustic 
soda was then mixed with the salt solution. From the results to 
be presented later on, it was early observed that the total volume 
in which the peptisation is allowed to take pl.-ice and the quantit\ 
of caustic soda used for forming the hydro.xide affect the amoimt of 
sugar necessary to prevent the formation of.a visible precipitate. 
It was therefore necessary to keep the volume constant at l."» c.u. 
in al! the experiments, and the amount of alkali added was also 
kept constant. In all cases except that of iron, the solution re- 
mained clear on the addition of the mixture of water and alkali to 
the mixture of salt and sugar, if the requisite amount of sugar wjis 
present. But with ferric hydroxide it was observed that a sohition 
W'hich was at first turbid cleared up if the shaking w'as continued 
for some time. Consequently in the experiments with iron, the 
shaking was continued for five minutes in every case and the 
amount of sugar recorded in the tables against each quantity of iron 
is the minimum quantity necessary for the solution to become clear 
after five minutes of shaking. The results obtained arc tabulated 
below in Tables I, II, III and IV. 
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Table 1. 

Peptisation of Copper Hydroxide. 
Vol.=fl5 C.O.; NaOH=3 miiiimoles. 


Copper chloride 


AtuouDl of suf^ar neceagary to preveot preci* 
pitation (in millimoles). 



1 

Sucrose 

i 

Dextrene j 

Lsbvulcse 

Lactose 

01 




00175 

0*125 1 

... 

0*035 

0025 

0 ’ ’ 

0*20 

••• 

... 

... 

0 035 

0-25 ^ 

0*10 

0*07 

o‘or> 

00475 

()-a5 


... 

0 11 

0-075 

0*375 

o*io 

0*005 

... 

... 

0*46 j 

... 

... 

... 

Oil 

0*50 1 

0*25 

0*15 

0-20 

0*135 

o‘Go ; 

... 

1 

1 

0*25 

O'ly 

0*G25 i 

oai 

! 0-28 

... 

... 

0*70 

• » • 

0*38 

... 

0*24 

U‘7o , 

0*04 

O' 45 

0*35 

0 275 

OHo \ 

«#• 

j 

0*45 

... 

0*«^75 j 

1*05 


••• 

... 

0*95 i 

... 


O'. >7 


1*0 

2*7 

. . . 

0*60 

>2*5 

1 • 125 

> 1 • 5 

... 

... 



Table IL 

Pvptii^iifion of Ferric H ydroxidi: . 
Vul.=:15 C.C.; XaOH=3 millimoles. 


■ Amount of sugar necegsary to prevent precipitation 

(in millimoles). 

Anfount of FeCI^ - - 

(millimoles). 



Sucrose. 

Dextrose, 

Linvulose. 

• Lactose. 

0 0334 

; 

0*165 


1 

; • ••• 

0*0(>G8 

0*31 

. . . 

0*045 

0*15 . 

O'twa-'j 

0 37 

0-20 


! 

0-133G 


. . . 

o-(W 

; 0*295 

0 167 

0*55 ; 

0 

0 10 

f 0*325 


... ‘ 


0*15 

; 0*485 

0*2505 

0*77 ‘ 

065 

o’2Tf 

... 

0*3006 

... 

• . . 

> 0 64 

oaai 

1*05 I 

o*os 

0 25 

i 0 70 

0a400H 

1 

! 1*56 

0*40 

!. 1-30 

0*4175 

1*55 



t 

0*4675 

i 


! 0665 

0*64 

1 

< t 1*925 

0*501 

2*1 1 

2*0 

i 

j 2*40 

j 
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Tabi<b III. 

Peptigation of Mercuric Oxidt . 
Vol.=15 C.C.; NttOH=8 millimolos. 


Amount of HgCI, / 
(millimoles). 


Amount of neceEsarj to prevent precipitation 

(in millimoJes). « 



Sucrose. j 

Dt*xtrose, 

Lra»vulose. 

Ijactosc 

0 0333 

019 

0-40 

0*17 

OJ7 

0 0666 * 

0'5b , 

10 

0-39 

0 55 

0*09996 

099 

1*65 

0*61 

0*96 

0 1333 

15 

215 

0*82 

1*2 

0 1666 

2*1 

2 *85 

1*2 

1-45 

0*1999 

2-9 1 

3'5 

1*45 

1*7 

0*2332 

3-7 

4'0 

1*75 

2*05 

0*2666 


4 ‘55 

1*95 

2*35 

0*2999 

5Tj5 

5-2 

2-3 

... 

0*3332 

6‘5 

5‘8 

2*55 

... 

0 4165 

• •• 


3*25 

... 

0*4998 

f 

... 

3*95 

... 


Tattle IV, 

Pepfisation nf Crriuin II pdroxidr, 
Vol.=15 C.C.; NaOH = 3 millimoles. 


Amount of CeCK 
(millimoles). 

Amount of .-^ugaT necc^ssary to prevent precipiiatiou 
(uiilliiLJO^es). 

Sucros** 1 l>extrose La-vulose | lAactusk 

0*0166 

! 

1*0 



0*0332 

■> ... 

2*0 

019 

0*22 

0*0498 

f 

f 

: 3*05 

... 


0*0664 

{ 0*17 

! 4*2 

0*.53 

0*44 

0*0830 

1 

1 > 6*5 


... 

0*0996 

1 

1 

1*1 

o * r ,5 

» 0'1328 

0*32 

i 

1-6 

0*88 

"OlfiO 

i 0-.38 

1 

1-9 

1*10 

0*1826 

1 


... 

1*22 

0*1992 

i 

i 

3*0 


0*2324 

0*56 

1 

... 

. 3*7 

1*565 

0-2656 


I 

1*8 


0.2822 

i ’ 

i 


1*875 

0-2988 

1 0*73 

! 

1 

5*7 


0-3320 

0*77 

1 

f 

> 7*0 

2*26 

0*3984 

0*90 

1 - : 

1 

1 

0-4648 

1*08 

1 


1 

: . • 

0-4960 

1‘20 




0 - 564 * 

1*90 

■ 

1 


0 - 630 B 

2*56 

i 



0-6640 

2*90 

1 




1 




in inillirnol*’ 




'dr MBtKLiao wt&molmBs 
* A *> ^ , ' • 

lut^ iNnn dmwit la ai iilSglitly diflforeat wa;, tba 
aqiOMlIRitraiti^ of tm» pfiM&eular aogw whilst tho 
abtoWit g» | B»wi oht» llw ooMsoatratioB of diSeroat oolto. It i» 
bolioTod that th« ^eific ofieet of st^ans in tho peptifation of 


difleront hjdrdaUdea i^t bo .better observed in this way. For 
purposes of flMatratkm only one eeries of eunr|^ is given. 


DiseuBrion. 

A glanoe at the curves given in Fjg. I shows *that in many 
cases the relation between the amount of hydroxide peptisdd and 
the amount of sugar necessary to prevent precipitation is a simple 
one, for In the casee of mercury and cerium (wMli three out of fous 
Hugars) the curves are straight lines. In the cose of copper too, the 
earlier portion of the curve at low conoentratkms of the salt ia 
almost a straight line. Consequently these curves can be re> 
presented by an equation of the type C,=sA. 0.4-B, where C« is 
tho amount of sugar in millimoles; C„ is the amount of metallic 
hydroxide in millimoles, and A and B are constants for the parti* 
cular experiment In the following table the values. of A and B, 
and the limit within which the equation bolds, are shown for 
various sugars. 


Tsblb V. 


bugiir. 1 

1 

. A 

B 

Met»l 

1 

liimits of salt oonoentrs* 

1 tioB witbia whtoh tbs 
•qastion is sppliosbie* 

(in millimoles) 

DextroM ^ 

68*5 

18*4 

' 2*2 
o*m 

-o*sw 
-0*80 , 

+ 0*10 

0*0 

f 

> Ceriaaa 
j Matcory 

1 Iron 

1 Copper 


0*0t(iC to 0*0664 
0*0^ to 0 3333 
0*0334 to 0'»05 
0125 to 0*5 

SsorcMS <f 

0-88 

8*40 

a’tto 

1 -0*078 

1 0*0 
' +0*145 

< Copper 

1 Cenana 

I Iron 

1 

0*85 A 0*085 
0*0664 to 0*408 
0*0880 to 01BS05 

f 

1 

1 8*a 

0*21 

8*1 

8*87 

-0*08 

, -0*006 1 
j +0*005 i 
1 —0*0085 ' 

Oeriau 

popper 

Imb 

I Motcary 

1 

•s 

0*0888 to 0*888 

0*10 to 0*85 

0*0^ to 0*384 

0'0B» to 0*9666 

i 

0'4M 

0‘SS 

0*640 

1 

1 -O'OOS I 

i 1 

j « 1 

1 

' Mereorjr 

1 Iree 

i . . .. . 

s 

I 

0*185 to 0*35 

0*08m to 0*4998 

0*045 to 0*3006 


..ri n n 


♦ + *. 
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It will be observed from this table that the values of B are often 
negative, and in several cases, notably with copper and< dexti;ose, 
with cerium and sucrose, with iron and hevulose and practically' with 
copper and iron and lactose, the values of B are zero. In other 
words, in these particular cases, the equation reduces to (\=A.C*, 
/.c., the amount of hydroxide peptised is directly proportional to the 
amount of sugar present within the limits of salt concentration given 
in the table. 

It will be recalled that Graham called these peptised solutions of 
copper and iron as sucrates of copper anti iron. As a matter of fact 
up TO the concentrations in which, 'C. ^constant, we might indecil 
conceive that n really definite ct»mpoiin{l is formed. As soon as 
however one goes out of this particular cv^r^centration range, the reda* 
tion C’* C, « I'onstaht no longer hold.s, and therefore the pr(*i»:ihility 
of a definite chemical compound formation with a constant ratio 

breaks down. From Table V it will be observed that out of I \ 
cases, only 3 experiments can be rfpresentc<l by an equati<»n of the 
type Since there i'- no reason to believe that the oth« r 

experituents are absolutely different in nature from these live, it is 
obvious that in these five cases, the result-, are only accidental. To 
consider, however, thi*^ point of the probability of a c'.anpwund forma- 
tion more fully, the molecular ratio c.f metal to sugar has been 
calculated in the cases of cojiper and iron, and are L'iven in the 
following tables. 


TAru.K VI. 




Aiaoaat #if iron 

Ratio of gr. 

atom iron to gr. 

jiKile Htjgar in 

the peptised 

(mJ-Vi gr. atom) | 

— 

— 

. ... 


peptised. 

SiKTose. 

I>extrofec. 

lisr vulnse. 

Ijnctose. 

00068 

, 0*22 

... 

1 4« 

! 0-45 

0 1670 

0-30 

0-30 

l-fi? 

I 0-51 

0-3340 * 

% 

0*3ii 

\ ^ 

0 34 

1 33 

0 18 




v> "V, 
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Table VII. 


<w 


Aiooont of Ca in 
tnilli (;r. atom 
pcptiaed. 


0-25 

«»-50 


0 • tj2r> 
O’ 75 
I’UU 


Ratio gr. atom Cu to gr. mole sugar in the peptised »tate. 


Sucrose. 

Dextrottc. 

Lap villose. 

Lactose. 

‘2 5 

a-o? 

\ • 10 

5 ’20 

m 

2 0 

3*33 

•2'5 

3-70 

1-8-1 

2 ‘23 



1*17 

1 100 

*214 

*2*b 

0*37 

• 

0*33 

<0 4 


Thc'f rouits show that the ratio of metal atom to ‘<ugar is very 
\nrinl)le and depends up^ju the aelual amount of hydroxide peptised. 
From Tahlo VII il uppear^> that there is a gradual fall in the value 
of the rati' I with increase in the uetual niviouut of the peptised 
hy(i»xide, luit. with io)!! in Table Vf U'> such relation is oiiservable, 
for the ratio at first rises and reaching a maximum, decreases." It 
:tpj)ear8*t hereforo t hat n<j siinple relation exists between the two. 
The spoeifie nature ..f su!:ar> in the pepiisttiiun of htdroxidfs is also 
obvious from these tables, namely the variation in the values of this 
ratio with different sugars. From the eurve.s it has been observed that 
the poptisability of the different hydroxides is in the same order 
in case of dextrose, and hevhlose, namely, Ou>Fe>Hg 

X’e, but in the ease of sucrose the order is (.’u >(’e>Fe>Hg 
and in that of laetose, it is t'u«»’Fe>Ce>Hg. This ?s of course 
the ordiT when tht* restilts* are i’xpve5s*ed in moles, hut will 
vary when the ri'sulis are expressed in et^uivalunts. It Is curi- 
ous also that the actual amount necessary to peptiso a definite 
Amount of hvdroxide should be so very different in the case of 
dextrose and Ijt vulose, and sucrose and lactose. ^ This fact alone 
goes against the hypothesis of any definite cheftiie a ► compound 
fosma^on. In the following pages it will be shown that^ the actual 
volume of the solution in which the experiment i8inade,^and the 
‘amount of alkali used have also a great effee.t dh the amount of 
sugar ^ecessary to poptise a definite amount of hydroxide. 
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Effect of Volmne. 

The experiments so far discussed were all done in a constant 
volume of lo c.c. It was thought desirable at this time to make 
some experiments with different total volumes, to •see whether any 
variation in the actual amount of sugar necessary to peptise a 
definite amount of hyilroxide occurs or not. In the following two 
tables the results with copper and mercury are shown at two other 
volumes, 10 c.c. and 7 c.c. with sucrose only. The amount of alkali 
remains the same, namely 0 millimoles. For the sake of comparison, 
the ratio of metal to sugar is shown at all the volumes. 


Tabi-E VIII. 


Amount of Cii 
(mill! gr. atom) 
pep Used. 

Millimoles of sucrose. 1 

Ratio Cu Sugar 


Vol.=-10 I'.c. 

Vol. ~ 7 c.c. 

Vol. — 7 c.c. 

1 

Vol. - 10 c.c. Vol. 

i 

^ 15 c.c. 

0 125 

0 05 

0*05 

2-5 

2 ■ 5 

... » 

0*25 

0*11 

0*215 

2*17 

2 * 26 

2 • 5 

0*375 ! 

0*195 

0*20 

1*87 

1**.»*2 


UoO 

0*265 

0*32 ! 

1 

! 1 • i><’ 

IcvS 

•2 01 

0-625 

0*40 

0*47 1 

1 * 33 

J *50 

1 -61 

0*75 j 

0*90 

i 

100 ' 

! 0 75 

0 • 6.3 

( 

1*17 



Table 

IX. 



Amount of Hg : 
(miili gr. alom) ; 
peptised. 

i 

Millimoles of sucrose. | 

Ratio Hg Sugar. 

Vol. = 10 c c. 

f 

Vol. -7 C.C. j 

1 

Voi.--7 c.c. 

Vol. = 10 c.c. Vol. 

*»15 c.c. 

0*0333 

0-3 i 

0*34 

OOUB 

1 

0*111 : 

0*175 

0-06G6 

0*69 

0*82 

0*061 

0-00(5 1 

0-115 

0*0999 

1*2 

1*45 

0*006 

0-083 1 

3*301 

0188^ 

1-7 1 

2-36 

0 056 

0*075 

0*038 

0-1666 

2-35 

> 

>3 

j <0*055 

0*071 

0*079 
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It be apparent from Tables VlII and IX that the volume of the 
aolutioh^haa no appreciable eflEect when the amount of metal ion is 
very small, but at moderate concentrations oi‘ the salts, the volume 
in which peptisation is studied has a decided effect on the amount 
of sugar necessary to peptise the hydroxide. Thus it will be observ- 
ed, in both the tables, that the ratio of metal to sugar gradually in 
creases, as the volume of the solution increases. In other vrords, 
less of sugar is necessary to peptise a definite amount of copper and 
mercury hydroxide at higher volumes than that required to peptise 
at lower volumes. It is dillicult to give a satisfactory explanation 
of this phenomenon, but it appears that for each volume of solution 
and amount of sugar, tliere is a maximum amount of colloid wliich 
“.n be retained by the system. 


Eff I \ 'f of . 1 o# f oui / “i J / A' f / h . 

It has already been mentioned thi»t tbc* amount of sugar neces- 
sary to prevent precipitation of a certain «pianliiy of an> hydroxide 
depends upon the actual amount of alkali present in the system. A 
further studj of the phenomenon was, therefore, made with mercu- 
ric cliloride and copper ehloride in presence of sucrose. Idie resuits 
are givcn^bolow in Tables X uiiil XL d ht‘ total volume was 13 o.c. 


r.\iii.K X. 


Amount of copper 
(inilli gr. atom) 
peptised. 


Millimoles of sucrose. 

• 

Na()H-2 inille 
moles. 

NaOH -8 milli- 
moles. 

NaOH — 5 milli- 
mole;^. 

• 

0T25 

0U5 

— ; 

0*04 

0*250 

O-M 

0-10 

OTO 

0*875 

ir20 

IV 10 *• 

• 0*175 

<>•500 

0*31 

0*25 

. 0*23 

0*625 

0*83 

0-3-1 

• ; 

• 0*82 

0-750 

>8*0 

0*61 

4 

0-56 
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Table XI. 


Millimoles of sucrose. 


Amount of Hg 
(milli gr. atom) 
peptised . 

I 



’ NaOH = l‘5 milli- | 
moles. ! 

i 

•> 

NaOH = 3 milli- 
moles. 

NaOH = 5 mi 
lu oles. 

■* 

0*0333 

t 

0‘19 

iri'.t 

0-25 

0*06G6 

0*42 

0*58 

0*62 

0*0900 

0*81 

0*99 

1*05 

0*1333 

« ‘20 

1*50 

1*58 

0*1666 

1*70 

2*10 

2*20 

0*3332 

6*7 

6*50 

— 


From these tables it will be observed that the influence of the 
change in the amount of alkali is not appi’cciable at lower concent 
traiions of the salts studied, specially copper. Tn the case t>!' mer- 
cury, however, when only 1 u millimoles of alkali ai-e present, the 
difference in the values of sucrose noct*ssary to prevent precipitation 
from those ri^quired when 3 millimoles of alkali are present lH)C&mes 
obvious even at low concentrations. This remarkable difference is 
probably due to the coagulating effect of caustic soda on rnorcurit! 
oxide at higher concentrations of the alkali. A similar cff(‘ct ^uay 
account for the higher values of sucrose when the total volume is 
less than 15 c.c. in the case of rnercuiw. The behaviour of copper, 
however, does not seem to fit in with such an explanation. The 
results in the case of smaller volumes are quite intelligible cm the 
explanatiqp put forward above. But the values of sucrose found to 
be sufficient to check precipitation of copper hydroxide when larger 
quantities of alkali are used appear to contradict this suggestion. 
According to this view, one would expect higher amounts of sugar 
to be necessary when 5 millimoles of alkali are used than when only 
3 millimoles are i>re8ent. But on the contrary, the amount found is 
actually less thqjfi that in the case of 3 millimoles of alkali. In 
other words, w ith greater amounts of alkali there is a peptising 
action noticoabio. Attention may also be drawn to another inter- 
esting pciut. Fr^m Table X it may be observed that even 8 pfiilli^ 
moles of sucrose failed to prevent the formation of a visible precipi- 
tate from 0'75 milligram atom of copper when 2 milUini'>les of 
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alkali are used, but when 3 millimoles of alkali are present, 0“64 
millnnoles of^flucrose are quite efficient to check the formation of a 
visible precipitate. This shows that to prevent by moans of a sugar 
the appearance of a precipitate of a metallic hydroxide, it is not 
sufficient that a certain amount of alkali be present in excess than is 
required to form llie, hydroxide of the metal, but it is essential that a 
certain minimum excess of alkali be present. 


Tintf' Effect nn Peptiaation. 


As already stated in thf^ case of iron, there appears to be a time 
factor iu thvs phenomenon of peptisation. In the case of copper as 
well, it was noticed that at higher concentrations of the salt the 
peptisatitm was not immediate, but it required shaking for a minute 
or two. 'rhu solut ion became clear even if the test lube was set 
asiflf for a while. In both the erases of iron and copper, shaking 
probably helps in thi^ mechanical disintegraliv>n of the precipitate. 
^l%the case of mercury the reverse phenomenon occurred. It was 
noticed in the experiments ilnu although the solutions remained 
clear on the addition of alkali to the mixtun» of salt and V.\e re- 
quisite amount of sugar, a precipitate of mercuric oxide appeared on 
standftig for some tifue, unless there was great excess of suga^ 
Witli increasing amount of sugar, the time of appearance of the 
j)rocipitote also increased. 


Stuintuiry aud ConclNsion , 

(1) .An experimental stud> has bevn made of the peptisation of 
the hydroxides of copper, iron, mercury and cerium in pretence of 
sucrose, dextrose, luevulose aud lactose in various concentrations. 

(2) The effect of suf?ars is a specific one and there is a marked 
difference between sucrose and lactose, and dextrose and la^vulose 
in the power of preventinj; the precipitation of hydroxides. 

Ji3) With dextrose and hevulose, the order of peptisation 
of different chlorides comes in the series t'u Fc ^ Hg > 
Ce, but with sucrose the series is Cu > tie > Fe > Hg, and with 
lactose Cy#>Fe>Ce>Hg. • 

(4^ The volume of the solution and the amount alkalf used 
have great effects on the minimum amount of sugars necessary to 
prevent precipitation of hydroxides. It is always necessary to have 
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a minimum excess of alkali present. In some cases* turbid^ mix- 
tures become clear on standing* but in the case o? mer^ry* the 
reverse may happen. 

(5) In the case of several experiments it was found that the 
amount of hydroxide peptised was directly propoitional to the 
amount of sugar present, but this is not general. The ratio of 
metal to sugar is variable depending upon the amount of the hydro- 
xide peptised, the volume of the solution and the amount of alkali 
present, and hence there is no possibility of a definite chemical com- 
pound formation between the hydroxide and the sugar. 

In conclusion, a few remarks may be made as to the probable 
way in which the sugar and alkali afford the protection which has 
been observed. It is generally admitted that the peptisation is 
usually preceded by adsorption of the protecting* substance by the 
substance peptised. Bancroft (J. P/i//.s. Clion.y 1916, 20 , 85) has 
suggested that peptisation in general is brought about as a result of 
the lowering of the surface tension of Ihe adsorbing material on 
account of the adsorbed substance and consequently believes that 
peptisation may result as a sequel of the adsor)>iion of even non- 
electrolytes or undissociated Sfilt molecules. In a recent paper one of 
us has discussed the theory of peptisation in detail. (Sen, J. Phyn, 
Chcvi., 1925, 29 , 15138) There is no question that sugars are aidsorbed 
by the hydroxides and the mechanism of sugar adsorption by several . 
colloids has been considered by some authors (Bhatnagar and colla- 
borators, J. Phijs. Chew., 1924, 20 , 730; 1925, 19 , IGCi^ to l?e 
chenaical in nature. This fact of the adsorption of sugar alone, 
however, does not explain the mechanism of the peptisation of the 
hydroxides. Thus it has been shown in this pffper that the peptisn- 
tion of the hydroxides observed is clearly affected by the amount of 
alkali employed. Not only is the amount of sugar necessary to prevent 
the formation of a visible precipitate controlled by the change in 
the quantity of alkali present but a certain minimum excess of 
alkali is necessary before any amount of sugar added can check the 
formation of a visible precipitate. This clearly indicaties that the 
part of the alkali in bringing about the peptisation of the hydrorides 
is of great ijmportance. It is probable that in presence of excess 
of alkali, the adsorption of sugar may be decreased, and hence 
greater* amounts of sugars would be necessary to prevent* precipita- 
tion^f the hydroxides. As already stated, the results with eo^per, 
however, point to the exactly opposite conclusion. Hence tir e effect 
of alkali cannot be explained by simply connecting Jt with its 
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probable influence on the* aclBorption of sugar by the hydroxide 
particles. 

It will be interesting to note here that these peptised solutions 
are only stable in presence of an excess of acid or alkali. Thus 
ferric hydroxide is stable both in acid and alkaline medium whereas 
copper hydroxide is peptised when the solution is alknline. When 
alkali is added gradually to a mixture of ferric chbjride and sugar, 
there is no formation <d' a precipitate but at the same time no test 
of free alkali is ol)tainable in the solut ion. What ha|>pens is that at 
first a positively charged colloid is formed. Owing to the presence 
of undecomposed ferric (ddoridc, the stability is quite high, but with 
iht* gradual addition of all^ali, the charge diminishes and the colloid 
uJtimat<*ly coagulates. If the hydroxyl ion concentration is still 
more increased, t he coaguliiin dissolves furmin;.; a nt'gativi ly charged 
sol. 'I'his coagulation and srabilisatioii into either positively or 
negatively charged sol <-an la brought about as many times as desired 
by simjdy ad<ling suitable quantities of eith* )* acid or alkali. Since 
this is so, the (juestion arises, what is the function of sugar in this 
'case of pe^pt isation V That t he non-elect roly t e has some action is 
evident from the fact that wi* do not get usually a ni’gatively charged 
ferric hydroxide with caustic soda unless precautions are observed 
(^ 7 , Pywis, 7. ('lu jii. Sin;,, 107, 818). On the other hand sugar- 

does not stabilise tlie colloid in the absence of a minimum excess 
of H or OH' ions. 

• We are consequently ot opinion that in the cases studied iu this 
[»aper* \^here exci*ss of alkali has always liet-n used, the observed 
peptisation is the c*oinbined result of the presence of both alkali and 
sugars, and in any Interpretation of the mechanism of the inhibition 
i)f the precipitation of metallic hydroxides in presence* of sugars, the 
effect of the excess of alkali has also to be considered as at least <>! 
equal if not of more importance thap the sugars. (See, •in this 
ronnection, Sen, 7. PInfs. Phvm,, 1025, 29, 154(b. 

'HI.MI8 TRY Dei'autmknt. Uereivii \oteniher .S. 
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Peptisation of ^ Iron and Chromium Hydroxides in 
Presence of Non-electrolytes and the Influence of 
Acid and Alkali on the Peptisation. 


iiv Ksurrisii Ciia.vdiia Se.v. 

In a recent paper on the [>eptisatiun of metallic hydroxides in 
presence of non-eleetrolyles (Mehrotra and Sen, this volume, p. 115) 
it has been shown that though the effect of different non-elec- 
trolytes is specific and in some cases depends upon both the non- 
clectrolyte and the metallic hydroxide peptised, yet there is one 
similarity in every ease, namely that a little excess of 
i^kali always favours peptisation. It was also stated that the 
peptised solution t)f ferric hydroxide is stable in both acid and 
alkalini' solutions whereas copper hydrt)xide can only be obtained as 
a blue solution in j*resence of excess of alkali. In this paper it has 
been whown that a minimum excess of acid or alkali is necessary 
before pepjtisation of a metallic hydroxide can be obtained. * 


, ExI'EKIMK.VTAI.. 

N/2 solutions pf ferric and chromium chlorides were prepared 
by diluting stronger solutions which have been ^andardfe^ll^ gr^it 
metrically. These two metals were specially chosen because of the 
ease wilh which their hydroxides canjue obtained as positively and 
negatively charged colloidal solutions. The method of experimen- 
tation was almost the same as given in the previous paper. In 
order to save space only one typical result of adding alkali gradually* 
to solutions of ferric chloride in presence of a constant quantity 
of glycerol is shown in Table T. The solutions were simultaneously 
tested with litmus paper, entaphoretic oxperimdbts bqing made 
’ey Burton’s usual apparatus with distilled water at the top to 
investigate the nature of the charge on the particles, * and the 
effecti of coagulating ions was also studied in some* cases. 
Chromium hydroxide has been considered to be completely 
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peptised wlien the* solution became clear botlj in reflected aiio 
transmitted light within five minutes of mixing the solutions. , 


Tablk 1. 


Pepiimi I ion of Ferric ff it<lro.rit!i . 

Ferric chloride = t)’o milliequivalent . 

Glycerol = 1 '(I milliequivalent . 'Potal \'olume = It) c.e. 


Anioiiiit of !N'aOH added 
(tiiilliec|ui valent s. ) 


Hosnlls :iu(l lieiuiirk-s. 


()'3Ba 


0-37 


0-444 


0*50 


0-555 


0-029 


O-70 


Cle;ir iu trnnsuiitterl iind it lierlt'd ; fudd : 

positively charged ; cu.igiil.iti d t'a-^il\ !>> 
K,SO,. 

Slightly turbid ; dinars afUa- r» ininiite-^ ; a<dd ; 
positive. 

Turbid : does l ol tdear <)?• sett It* ; arid ■ 
ealapborelic inovenunt dillirull tn deter' 
mine. 

( ielatinous })reci])itale wdiirli settles flown 
comparatively rapidly ; neutral. 

Turbid ; dot'N not settle easil\ : allvalim- ; 
cataplu iretic i n ovei n on t d i il i r n 1 1 to 

deleniiine. 

At first turbid but beromes dear wfiliin 
a minute or two ; alkaline ; negatively 
charged : roagulalrd readily by small 
concentrat ions of B aC M . 

i.Mear both in transinilt t-d and nderted light. 
Colloid negative. 


hVom this table it yvill he observed that the range of instability 
of the pe})liHcd hydroxide lies between 0*4 to 0*(> inilli(3(|uivalents 
of alkali^ yvhilst with a lower or higher conrentration of alkali, tlic 
colloid can be obtained either ns positively charged or negatively 
charged particles. With din)mium chloride soluti«)ns almost 
indentical results yvere obtained, the range of instability being 
practicially the same. At the neutralisation point, namely yv’ith 0*5 
milliequivalents of alkali, thr* chromium hydroxide separated readily 
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as a flocculent precipitate, but beyond this concentration range, the 
hydroxide could be easily obtained either as positively or negatively 
charged colloid. Since chromium hydroxidti can be peptised by 
alkali alone (C/. Herz and Fischer, Zeit. ananj. 1902, 31 , 

; 1904, 40 » *19 ; Nagel, J. Phys. ('hem., 1915, 19 , 509) some 
observations are ^iven in Table II, showing the effect of glycerol. 
The toiai volume was 15 c.c. 

Table II. 

pUmiiinti nf ( iinn Uythn^rific. 


Aiuount of gjycerol 


.‘\niouut ui clirouii iiJii 
fminie<iuivalentt 
peptised. 

.‘\iiioiint of Na< »H 
necessary. 

necessary for peptisa 
tion by I'Sl mil- 
li equivalents 
of alkali. 

(VMl 



1*00 

:r;}lb 

0-0 

!•!(» 

:C50 

1 -2:) 

1 -20 

:r70 

' 1 ’O,) 


The effect glycerol will be made more clear i)\ the following 
results : 0’5 niilliequivalent of chromium requires approximately 
l ()t) milliequivaliaits of alkali for peptisation when tlie total volume 
is lOV.c. Tf, howi?ver, one millimole of glycerol is added, 0*7 inilJi- 
e(juivalent of alkali is sufficient. In presence of 1*5 millimoles of 
glycerol, O’OS milliequivalenl of alkali would be sufficient. With 
highcl* amounts of glycerol however no further reduction in the 
amount of alkali can be obtained, because the range of Jnstability 
has nearly been reached. It shoultf be stated here that the range 
of instability given above is only for the particular concentration of 
the metal peptised. If higher concentrations of the metals are 
used, then the range of instability also becomes greater. Thus 
\^’ith 1 millicquivalent of iron, the range of instability was approxi- 
mately 0*8 to 1 ‘2 milliequivalents of alk«*ili. % ^ 

In the previous paper atientiou has been drawn to the specific 
proteeflng poweiv of different non-cleclrolytes. Curiously enough, 
this 0 specific property does not influence the amount Si alkali 
necessary for peptisation when the non-electrolytes are present in 
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great cxce>N. riie ^peiilic* atiioii i?- t*Dl\ apfiarent when the 
miniinuni aniouiii ui non-electrolyte necessary for prevonting, t’ie 
formation of the precipitate present. Tfjus the effect ii of cane 
sugar and glycerol may be compared with each other. Cane 
sugar is a better protective agent than gI\cero1 in the case of 
ferric hydroxide. When the concentration of feiric chloride is O o 
milliequivalent and total volume c.c., then in presence of (>'7 
inillimoles of either sucrose or glycerol, the amount of alkali neces- 
sary for peptisatioii is 0*703 milliequivalent. W’hen however O'T) 
millimole of^ sucrose or glycerol is present, the amounts of alkali 
necessary are respectively 0'74 and 0*962 miliieqiii valent s. Thus 
with low concentrations of the non-electrolytes, their s^pecific 
powers for protection becomes manifest . Similar results were also 
obtained with chromium hydroxide. 

From the foregoing results it can be slated definitely that 
fhe pepfisatiou of metallic htjdmjLidi in pcnenil, cannot he ohiainetl 
unless an excess of alkali is present in fhe solution. In the parti 
cular cases of iron and chromium chlorides in presence of non- 
electrolytes, the reaction with caustic soda is thus of an t‘xactl> ' 
similar nature to that found by Lottermoser (J. ///•. Chem.f PdOf), 72, 

39 ; 3906, 73, 374 ; Zeit. plufsikal. Cham., 1U07, 60, 47)1) in the case 
of silver nitrate and potassium iodide, where an c‘xcess of eitherre- 
ugept would facilitate and was necessary for the formation of a colloid, 
but in exactly equivalent proportion, a preci]>iiate would result, — a 
fact which can be explained on the views of Powis (Zeit. fthffsihal, 
('hem,, 1915, 89, 1B6) regarding the existence of a critical ))otential 
below which the ctdloid is unstable. Carrying this analogy further, 
we can say that the peptisatioii of the metallic hvflroxides is nu 
ionic one like that of the silver halides and is brouglit about by the 
preferential adsorption of the constituent ions of the colloid, namely 
OH' or the*metal ion or may be in some cases ions, and thus 
the role played by the non-electrolyte must be considered to be a 
secondary one. It is however difficult to say at present how the 
non-elcctrolytes act, but a plausible hypothesis is that the adsorbed 
layer of the non-electrolyte inhibits the growth of tlie metallic 
hydroxide particles and keeps them mor(‘ hydrated, and thus 
permits of, their ready pejitisation by the hydroxyl ions. Tliis 
phenomenon would therefore be similar to those observed by 
Marc and others (Marc and Wenk, Zeit. phpsikal, Ohem., 19lf), 

J12 ; alsd Freundljcli, Zeit. physikaL Chem., 1910, 78, 245 ; “ Karpil * 
larchemie," Eng. Trans, p. 329, 1926 ; Pickardt, Zeit, physikaL 
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Cheni., 1902. 42i 17 ; Pofloa and Galeati, Ctage. chini. Hal., 1904, 
35»,I« 181) on the growth of nuclei in the formation of a new phase. 
Whattj^ver &iay i)e the explanation, it is quite clear that the non- 
rlectro hjUH arc not functionimj as Ihv pcpihiutj agents in the usual 
sense of the ferni, ami ire have to consider the hydroayl ions as the 
real peptisiny agents in those rases trhere excess of hydroxyl ions 
are present. This is in accord with the electro-kinetic behaviour 
shown by the peptist'd hydroxides. 

r’HKMISTliV DEPAUTMEN’I , 

Am.\hviiai> rMVFH.siiY. !U‘Ct‘irrd Ft^bru^nj 28 . 1027 . 




Pyrylium Salts and Spiro-Dipyrans. Part II. Con- 
densation Products from Methylethyl ketone and 
o-Hydroxy Aldehydes. 

By Satisii Chandra Db. 

In Part I (this Volvute, p. 23) it wns shown that a-alkylatcd 
acotoacotic ester condenses with o-hydroxy aldehydes to form 
o-hydroxy styryl benzo-(or naphtho-)-pyrylium salts. In the present 
communication are recorded the results of the action of methylethyl 
kiitono on o-hydroxyaldehydes. In these the reactions of methyl- 
ethylkctone closely restunble those of the a-alkylated acetoacctic ester. 
The reaction proceeds in two st«ages as l^efore (Inc. In the 6rst 

jstage one molecule of the aldehyde condenses with one of the ketone 
%o produce a pyrylium salt. In the second stage this salt condenses 
with another molecule of the aldehydes to yield an o-hydroxy styryl 
bcnzo-(or naphtho-) pyrylium salt. But tlie presence of two reactive 
grou|)s in methylethyl ketone may admit of two possible reactions 
(a) and (b)» shown in the following formulae : 


(Ila) 


,(ITT«) 


a Oh co-ch, 

+ I 

CHO CHj-CH, 





(JI6) 


(Hlb) 


Under the condition (experimontai part) the reaction takes the 
course (<f): the hydroxy styryl benzopyrylium chloride resulting from 
st^icyjaldehyde and methylethyl ketone is identical viith the 3-methyl 
2- (o -hydroxy styryl) -benzopyrylium chloride (III a) derived from 

•48 
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salioylaldehyde and 2 :3-diincthylbe.nzo-pyrylium chlorido (II (i) ; 
also the pyrylium salt obtained from ^-naphthol-«-al<lelfydo the 
same whether inethylethyl ketone or a-inethyl aci't<jacetie ester 
is used. 

The pyrylium salts are decomposed by alkali into colourless 
pseudo-bases which, on heating with hj^drochloric acid, are converted 
into the pyrylium salts again. The spin^-dinaphthopyrone undergoes 
a colour change from white to blue-violet when heated with solvents, 
such as benzene, toluene and alcohoU wliich disappears again on 
cooling, — a property which is absent in tht* .sp//*o-clibt'nzopyran8. 

Attempts to prepare compounds having the formulae (lib, HI h) 
are being made by a different method and will be descril>t‘d in a, 
subsequent communication. 


Experiment.al. 

thi/l-2-(o- hydro uni (Idoride (I Fla). 

Into a mixture of salicylaldehyde (20 g.) and methylethylketone 
(G’O g.) dissolved in ethc^r (oO c.e.) hydrog< n chloride gas was passed. 
The solution at once turned det‘p rtd and aft(‘r a few minuli^s 
crystals began to separate. The hydrochloric acid ga< was passed 
till t he mixture was filled with a thick pasi^* of crystals. !*'his w as 
filtered and washed with other. Crystallised from ac(‘tie acid in 
dark needles having a metallic lustre, it ha- the melting point 
It was dried over caustic potash in vacuum and analysc^d. (Found : 
Ol, 11-62. CisHjoOjGl requires Cl, 11-80 per cent.), 

^J'he ferric salt can be obtained in red (rolour from the ac^otic a(*id 
solution of ferric chloride and the pyrylium chloride. Th<^ pvrchlttrutc 
can similarly be obtained by adding perchloric acid. 


3-Meth j/Z-spiro- di ben is op yran . 



f , , 

By adding ammonia to the aqueous solution of the pyrylium 
chloride, the pseudo-base was obtained as a white product, mixed 
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with tarry matter. It was purified by crystallisation from ligroin; 
wf p* 80°. , (Found : C, 8212 ; H, ry5&. C, requires C. 82*4 

H, 5’S4 per cent.). 


ii~M cthyUl ■hy(hoxij-2~{2' : 4’-dihydroxy8tyryl)-bemo- 
pyryliuiH Chloride. 


HO 



CH 


Oh 

KJoh 


Ilia solution of rcsorcylaldohydo (8g.) and luetliylethylketone (2g.) 
•d in ether (20 e.c. ) hydrochloric acid gas was passed till the 
mixture was saturated with the gas. Within a short time the solu- 
tion assumed u violet colour and was filled with highly coloured 
crystals. After several hours’ standing the crystals were filtered and 
washed with ether, t'rystallised from acetic acid it forms green- 
violet crystals with a metallic lustre, m.p. 29()'. It was dried in 
vacuum over caustic potash and analysed. (Found; Cl, 10-34. 
(’, hH , B<),C1 requires Cl, 10-74 per cent.). • 

From the acetic acid solution of the chloride, the ferric salt can 
h^ obtained by adding ferric chloride as violet-red needles. 


S-Mi ihyl-7 : 1'-dihydroxy-spiro-dibetizopyran . 



The colourless base was obtained by shaking Jthe chloride with 
aqueous ammonia and was crystallised from alcohol. On heating 
with aoncentra^ed hydrochloric acid it was converted into the coloured 
, ebysride. (Found: (’,73-21 ; H. 4-92. requireaC, 78-47; 

H, 4-76 per cent.}. 
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S^Methyl-2-io-hydroxif-a-bemo8tyriil)-P-naphtho.pijryliutn Chloride^ 



Cl 


It was obtained from /8-naphthol-a-aldehydo (11 g.) and inethyl- 
ethylketoue (^‘4 g.) dissolved in acetic acid on saturating the solution 
with Jiydroehloric acid gas. After about 2 daj s the chloride sepa- 
i“ated in green crystals with a metallic lustre. This was filtered, 
washed with ether and crystallised from acetic acid and dried over 
caustic potash in vacuum. It did not melt at 290°. (Found: C, 
77’97 ; TT, 4-8.5. C2,iH5;,0a01 requires C, 78-29 ; H, 4-70 percent.). 

The ferric sali can be obtained in greenish-red colour by adding 
ferric chloride to the acetic acid solution of the chloride. 


cihyUspivo-dinaphthopyran . 



It was obtained by decomposing the chloride with ammonia. The 
impure product was purified from benzene when it formed colourless 
crystals, m.p. 201°. (Found: C, 86-28; H, 5-21. C.oHjsO, 
requires C, 80-15 ; H, 5-02 per cent.). • 

On heating with concentrated hydrochloric acid the pseudo-base 
is converted into the coloured chloride. On warming with benzene, 
toluene and alcohol it undergoes a colour change from white to blue- 
violet which disappears again on cooling. 

My best thanks are due to Prof. J. C. Ghosh and Dr. P. C. Guha 
for their kind interest and encouragement during the course of the 
reaction. 


CHEMIOAL LiABORATOBT, 
Univbbbitt or Dacca. 
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Interaction of Mercaptans with Phthalic Anhydride 
and Phthalyl Chloride. 

By Goi’al Chandra Chakra varti and Jogendija Mohan Saha. 

The condensation of phenols with anhydrides of dibasic acids has 
been extensively studied, the reaction giving rise to importani 
dyestuffs belougiug to thcs triphenjdmethane series. Xp attempt 
appears a.s yet to have been made to condense mercaptans with 
these anhydrides in order to obtain the thio-analogues r)f these dye- 
stuffs. The jiresenl investigation was undertaken with a view to 
bring about this ivaction. ]-)iiii(“ulty was encountered in the choice 
of a suitable condensing agent. Sulphuric acid, dry hydrochloric 
acid gas, anhydrous zinc chloride containing hydrogen chloride, and 
zint! chloride alime were tried and had to bo rejected. The conden- 
snlion between phthalic anhydride and aromatic mercaptans was, 
* lifjwevcr, effected by employing phosphorus pentoxide. 

’I’he products, when isolated, laeke<l all the characteristic propcjr- 
ties of phthaleins, cjj., they were colourless, crystalline substances, 
iusolqjble in alkalis. The phthalcin condensation evidently did not 
take place. The mercaptanic hydrogen atoms, owing to lhc;^r 
enhanced ’reactivity arc eliminated (as water) in preference to i he 
lydrogen atoms in the orlho- or p((r« -posit ion to the thiol group. 
In reaction either the ketonic or the lactonic oxygen atom of 

the anhydride may be involved, giving rise to (I) or (II). 

COSH 

C„H,< 

COSK 

I 

(H) 

A choice between the thio-phthalide and the thioester constitution 
arrived at from the fact that the compounds are not hydrolysed 
even by continued boiling with aqueous alkali . Hfcpl the products 
conformed to formula (I), the lactouio ruig should have been opened 
by tte tfeatment.. fivitlently thiocsters of formula (II) are the exclu- 
sive products of the reaction. This view is supported by the fact 


CO 

. C3*< >0 

C 
A 

BS SB 

(I) 
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that various aliphatic mercaptans condense with phthalic anhydride 
in the same way. c , ^ 

The above results led the authors to investigate the acjtioh of t lie 
mercaptans on phthalyl chloride, which is known to exist in two 
tautomeric modifications, 

0 

CO COCA 

CoIIi.< >0 and 

ecu (^OCA 

In fact reactions in support, of both these structures have long been 
krfown. Phthalyl chloride has been prepared in two isomeric forms 
by Ott (Anyialcn, 1912, 392, 24r>) and Csanyi {Mnnaish, 1919, 40, 81). 
In the present instance phthalyl chloride was prepared by healing 
the anhydride for several hours with an eqiiimoleeular quantity of 
phosphorus pentachloride at 200*^ {Anfuflcnt 1887, 238, *A2U). 1he 
chloride pre])ared in this way has been described by various invest i- 
gators as reacting in either of the two tautt)iueric forms according 
the conditions of the reaction. But the products oi the cr»ndensati(»h 
of the mercaptans with phthalyl chloride were found lo be identical 
with those derived from the anhydride. With mercaptans at least 
phthalyl chloride behaves as if it had the symmetrical stnu-ture. 

The constitution (I, R = Ph) assigned to the product of the 
reaction between phthalyl chloride and l(*ad phenyl mercai>t ide b\ 
Troeger and Honiung (J, pr. Che in. j 1902, [//], 66, seems to be 

erroneous. The substance, prepared by thorn, crystallisi*s in gli,sien 
ing leaflets, m. p. 84-85^. The present authors obiaine l twd 
compounds by the condensation of phthalyl chloride with phenyl 
mercaptan. One is identical with Troeger and Hornung’s whilst the 
other crystallises in colourless granules, m. p. 101^'. Bui none of 
these could be hydrolysed by boiling with aqueous alkalis which 
indicates that neither has the IsKitonic structure adopted for one of 
them by Troeger and Hornung. These two compounds arc isomeric 
fi,nd the difference between them is not yet clear. 

Bis-^-naphihyl thiophthalide prepared by Troeger and Hornung 
{loc. ciL) is described as a compound crystallising from alcohol ai^d 
melting ni 15^-54^, The authors obtained a product from j)hthalyl 
chloride and ^-naphthyl morcaplan which is sparingly soluble in 
alcohol and on crystallising from ariiyl alcohol melts at 70^ and 
froths on further rise of the temperature. The latter compound had 
all the propertied of a thiophthalate. * 
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These thio-esters can possibly be utilised in the synthesis of the 
hitherto unknown inonothiophthalic and dithioj>hthalic acids. The 
preliminary part of this investigation is complete and will form the 
subject matter of a later communication. 

Experimental. 

Phenyl Mercaptan and Phthalic Anhydride. 

Two molecules of phenyl mercaptan (4‘4 g.) and one i^iolecule of 
phthalic anhydride (0 g.) were heated together at 130-140*^ and^ to 
the liquid mixture i)hosphorus pentoxide i'A g.) was added and well 
stirred witli a glass njrl. After about three hours' heating the liquid 
was poured off leaving a black mass wdiich was mostly phosphoric 
acid, tarry mailer, and a small amount of the reaction products. The 
product which becamo semi-solid on cooling was dissolved in benzene, 
the solution was shakcu] with a dilute alkaline solution (2 to 3 times) 
tin<l then well washed witli water to remove alkali. It was then 
fihc3red, dehydrated with fused calcium chloride, again filtered and 
evaporated. 'Die ( rj ^talline residue was ilissolved in hot alcohol, 
b<jilcd with animal charcoal, filtered and concentrated. The product, 
on jjecrystallisation, <*oiisisied (if line glistening leafiets of diphenyl 
dithiophthalale, m.().y i-b5^. tFouiid : 18'21 .* oHi ^O^S^recinijes 

S, 18*28 per cent .) 

The alcoholic mother-liquor w'as diluted with water until a turbidity 
was jyoduced am! ihen allowed to stand. A voluminous, granular, 
crystalline pn*cipilate was obtained which was recrystallized from 
dilute alcohol, each time nqecliiig the first fraction of the crystals,; 
m.p. lOlV*. (Found: (\09’1 ; S, 18*97. + requires C, 

(38*07 ; S, 18*28 per cent.). 


Phthalyl Chloride and Phenyl Mercaptan. 

m 

Two niolecviles (5*5 g.) of phony 1 mercaptan were heated under 
ftiflux with 1 molecule of phthalyl chloride (5 g.) in dry benzene solu- 
tion for 0-7 hcnirs. Copious evolution of hydn^clibjiac acid gas took 
place. The solution, after co(»ling, was treated like tfic benzene 

• In this and in all the subsequent estimations of sulphur, the Carius’ method 
was Appleinented by fusion of the sodium salt of the sulphonii' acid with potassium 
nitrate and sodium carbonate. 



144 


CBAKRAVARTI AND BAffA 


solution in the previous experiment and two compounds, one melting 
at 84-8^5® and the other melting at 101 identical respectively with 
the compounds previously prepared, were obtained. 

p-Bn)mothio/jItc?ioI and Phthalic Anhydride . 

A mixture of two inolociiles (4 g.) of the mercaptan and one molecule 
(1*5 g.) of the anhydride wa*- heated to 130-140*’ and phosphorus pent- 
oxide (2g.) was addvd <o tlie liquid mass and well stirred. The heating 
was continu£>d for three Ir urs and the temperature was finally raised to 
KiQ-TO”. While hot, the liqiiid mass was poured off leaving behind 
a tarry material as before. Tiie liquid, which solidified on cooling, 
was shaken with a small quantity (»£ cold alcohol. The residue was 
dissolved in hr)t alcohol, boiled with animal charcoal and filtered hot. 
White granular crystals of dibromodiphenyl dithiophthalate were 
obtained, m.p. 186-188*’. (Found : C, 47*16 ; H, 3 3. 

O^SjBr. requires 47*20 ; H, 2*4 per cent.). 

The alcoh()li(' extract, made in the cold, was evaporated to dryness_ 
and the residue was found to bo mainly phthalic aedd. 

p-Bromothiaphenal and PhihaUjl (liloride. 

t 

One molecule of phthalyl chloride (2 g.) was heated to 130-40*’ and 
two molecules of the mercaptan (3*8 g.) were gradually added and the 
mass well stirred. Ca^pious evolul ion of hydrochloric acid gas took place. 
The mass was heated for an hour and a half after all the merca|'>tan 
had been added, the temperature being finally raised tt) 160-70*’. On 
cooling the mass solidified; it was shaken with cold alcohol and then 
crystallized from boiling alcohol. White granular crystals, m.p. 
180-88*’, identical with the previous compound, were obtained. 

ii-» 

p-Iodophenyl Mercaptan and Phthalic Anhydride . 

Two molecules of the mercaptan (4*7 g.), one molecule of the anhy- 
dride (1*5 g.) and phosphorus pentoxide (2 g.) were heated together as 
in the case of 2 >‘bromothiuphenol. The crude reaction product was firsV 
washed with coldi alcohol and then dissolved in hoi benzene and pre- 
cipitated wath petroleum ether. The white, granular, light crystals 
of diiododiphenyldithiophthalate were well washed, with petroleum 
ether; m.p. 181-82*’. (Found: C, 39*9; H, 2*6. 
requires C, 39*8 ; H, 2*0 per cent.). 
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p-Iodothiophenol and Phthalyl Chloride. 

• 

One molecule of fhe acid chloride (2 g.) and two molecules (4*7 g.) 
of the mercaptan were taken, and the experiment conducted as in the 
case of the p-bromothiophenol. The crude product was iiurified as 
in the previous case* White granular crystals, m.p. 181-82*\ identical 
with the previous compound were obtained. 


p- Toly I M VIC apt an atid Plithalic Anhydridr , 

The mercaptan (og.)> anhydride (3 g.) and phosphorus 

pentoxido (3 g.) were emi)loyed, and the experiment was 
cjonducted in a manner similar to that with p-bromo- 
thiophenol. Tlie product, ditolyl dithiophtlialate, was crystallized 
irom hot alcohol with previtjus boiling with animal charcoal. White, 
needle-like, light cry stals, m.]i. 149^*. (J’^oiind : C, (39*76 ; H, o’3. 

Sg requires C, 60*84 ; H, 4*8 per cent.). 


p-Tolyl Mrrcajiian and Phthalyl Chloride. 

T^e mercaptan (5 g.) and the acid chloride (4 g.) were employed 
and the experiment conducted as in })revious cases. The cru 4 je 
product *on purification and crystallization from alcohol, gave 
white, needlc-like crystals, m.p. 149'\ identical with the previous 
compgund. 


p~Thionaphihol and Phfhalic Afthydride. 

• 

The mercaptan (4*8 g.), the anhydride (2*2 g.) and phosphorus 
pent oxide (2 g.) were taken and*the experiment conducted as 
in previous cases. The cooled oily crude product was first 
washed with cold alcohol and then dissolved in hot acetone 
and precipitated with petroleum ether, the product solidified 
;#(ter a time. It was then recrystallized either from amyl alcohol 
or a large amount of alcohol. Di-)S-naphthyI thi^phthalate forms 
white, fine, granular crystals, m.p. 70*^ with frotfiing 5n further 
heating* It is vqry soluble in carbon disulphide, chloroform, acetone, 
beilzcne, toluene, xylene or glacial acetic acid. (Found ; <^, 74*25; 
H, 3*99. OgsHjgOjiS, requires C, 74*70; H, 4*00 per cent.). 
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P-Thionaphthol and Phthalyl Chloride. 

The mercaptan (3‘2 g.) and the acid chloride (2 g.) were taken. 
The experiment was conducted and the crude product purified as 
before. White granular crystals, m.p. 70", identical with the product 
already obtained. 

Benzyl Mercaptan and Phthalic Anhydride. 

The mercaptan (5 g.), acid anhydride (3 g.) and phosphorus 
pentoxide (^g.) were taken and the experiment conducted as in previous 
casps. The dark brown crude oily product was dissolved in benzene and 
the solution was treated as before. Evaporation of benzene gave 
a deep brown thick oil. This was extracted with a small amount of ether 
leaving a small amount of brown solid residue. The etheral solution 
was filtered and evaporated. This process was repeated 10-12 times 
until a transparent deep brown heavy oil (dibenzyl ditbiophthalate) 
was obtained. (Found ; S, 17'43. C.jHigOjS, requires S, 17 (X) 
per cent.). 

Benzyl Mercaptan and Phthalyl Chloride. 

The mercaptan (2'5 g.) and the chloride (2 g.) were employed and 
the experiment conducted as usual. The compound was purified as 
above. The product was a deep brown oil, identical with the previous 
product. 

Ethyl Mercaptan and Phthalyl Chloride. 

The sodium salt of the mercaptan (3'3 g.) was suspended in dry 
benzene and the acid chloride (4 g.) was added to it ; the mixture 
was refluxed for about three hours. The solution was filtered to 
remove sodium chloride, shaken with a dilute alkaline solution 
repeatedly and then washed with water, filtered, dried and again 
filtered and evaporated. The mobile brown oil thus obtained was 
distilled in a vacuum but it decomposed. So it was purified by 
repeated extraction with small amount of ether as in the case of 
benzyl mercaptan compound. Diethyl ditbiophthalate is soluble in 
alcohol* ether, acetone and benzene. (Found : S, 24'63. 
requires S, 25'10 per cent.). 

Propyl Mercaptan and Phthalyl Chloride. 

The mercaptan (4*5 g.) and the acid chloride (6 g.) were heated in 
a sealed tube in the water>bath for about 6 hours. The crude 
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orown oil was next treated in the manner employed in the case 
of %e<izyl mercaptan. Vacuum distillation was also tried: the 
substance decomposed partly, a slightly brown mobile oil being 
obtained at 26 mm. pressure and 229-32°. The oil is soluble in 
alcohol, ether or benzene. (Found : S, 23*44. Ct^HigOaS, requires 
S, 22*69 per cent.).* 

Butyl Mercaptan and Phthalyl Chloride. 

The mercaptan (3*6 g.) and the acid chloride (4 g.) were heated 
together under reflux for aboul 3 hours. The deep brown oil ^was 
repeatedly shaken with dilute alkali. It wa.s then extracted with 
ether and the solution well washed with water, filtered, dried, again 
filtered and evaporated : a light brown oil was obtained which was 
kept in vacuum for several days. Fine white needle-shaped crystals 
deposited wdiich were separated. The oil, when crystals no longer 
separated, was dissolved in a snmll amount of ether. The solution 
was filtered and evaporated, and on analysis was found to be the 
disulphide of the niercaptau. The crystals were pressed on porous 
plate and then repeatedly crysitdlized from petroleum ether. White 
needle-shaped crystals (dibutyl dithiophthalate), m.p. 56-57°. (Found : 
S, 2r34. requires S, 20*(>4 per cent). 

Ethylene Mercaptan and Phthalyl Chloride. 

• The mercaptan (1 ‘9 g.) and the acid chloride (4 g.) were heated 
together at 1 10-20" for an hour and a half. The cooled solid mass was 
washed with cold alcohol and crystallized from hot alcohol. White 
crystals of diethylenesulphidc dithiophthalate, m.p. 169°, w'ere 
obtained. (Found : C, 51*2 ; H, 3*97. C,,H,,0,Sa requires C, 
50*7 ; H, 4*2 per cent.). 

This exporiment was repeated vfith twice the antount of mercap- 
tan, when the same product was obtained in larger yield. 

The authors take this opportunity of expressing their indebibedness 
to Sir P. C. Bay for the kind and helpful interest taken by him in 
'this investigation. 

Received, October 1, 1926. 
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^z-tetr ahy droquinazolines . 

By Prafulla Chandra Mitter and Ashutosb Bhattacharya. 

Although pyrimidine and quinazoline derivatives have been 
known for a long time and their properties thoroughly studied, very 
few of their reduction products are known. Pinner (*iDie 
Imidoether,” p. 292), in the course of his investigation on the 
reactivity of the y3-ketonic esters with amidines, found that a 
tetrahydroquinazoline derivative is obtained by the action of 
umidine hydrochloride on succino-succinic ester according to the 
following scheme : — 


A 

CH. 


COf^C**CO,£t 
♦ M.O “*■..11 1 




COf'^CH-COOtt HU, 

> ' 4. > 

•o - - / 


CH 


CH, 


CM, CO 

CN^ h 

CH, COH 

CH, n 


(I). 


•Now as succino-succinic ester has two /S-diketonic groupings in 
the skeleton, one molecule of succino-succinic ester may react with 
two molecules of amidine unless carbon dioxide splits off as in (I). 



Jt'was actually found by Pinner that when aliphatic amidines 
were used, the former reaction {i.e., splitting off of CO, and the 
oonde|^ation with amidines afterw^s) preponderated; but in the 
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case of aromatic amidines both the reactions took place and he had 
to experience considerable di&cxxltj in isolating the pitre pnduot. 
It was also found by him that the product 


CO 



BO formed ijp the case of aliphatic amidines is readily oxidized by 
the.oxygen of the air in alkaline solution to a dihydroxy-quinozaline 

(II). 


ft 



The compounds obtained by Pinner are the only known instances 
of quinazoline derivatives in which the benzene ring is reduced^ 
Attempts have been made by different workers to reduce the 
quinazoline derivatives but in no case complete reduction was found 
to have taken place; only the pyrimidine ring was reduced leaving 
the benzene ring intact (Ber., 1892, 25, 3030). It is quite obvious, 
therefore, that in order to obtain b^-tetrahydroquinazolines, we 
have to start with yS-diketones and y3-ketonic esters with a reduced 
benzene ring and the substances most suitable for this purpose 
were found to be acetyl cyclohexanone and ethyl cyclohexan.i-one- 
6-carboxylate and tbeir derivatives, fi^-tcirahydro-quinazolines are 
likely to give octahydroquinazolines on reduction but our attempts 
in this direction have so far not been attended with coqaplete 
success. We have tried the action of benzamidine. p-toluamidine 
and guanidine on /8-diketones and /8-ketonic esters and attempt has 
also been made to prepare an octahydro-derivative by reducing a 
jietrahydro-derivative with sodium and alcohol. 

The /S-diketones and /3-ketonic esters employed sure the acetyl 
cyclohexanone and its homologues and ethyl cyclohexan-l-one-^- 
carboxylate audits homologues. Hydroxymethylene cyclohexanone 
has also been ifsed in one case. 

In his pyrimidine synthesis. Pinner used potassium carbonate as 
the coxylensing agent; we also used the same reagent at firskbut 
the product obtained was of such an unstable nature thift>» on 
attempting to cry;atalli8e from aloohol. it decomposed into its 
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oonstitueat oomponentB. Bodium ethoxide was then substituted lor 
potbs^ium • carbonate solution. Tetrahydroguinazolines were 
obtained but the yield was poor — being only 33 per cent, of the 
acetyl cyclohexanone used. To increase the yield, piperidine was 
subsequently used under similar conditions and the yield increased 
from 33 to 47 per cent. This use of piperidine as the condensing 
reagent was applied only in the case of yS- diketones; but in the case 
of yS-ketonic esters, sodium ethoxide was quite satisfactory, the yield 
being theoretical. It was also found that whereas in the case of 
yS-diketones the whole thing required to be heated for 2 te 3 hours on 
the water-bath, in the case of yS-ketonic esters the reation takes 

place even at the ordinary temperature though not completely, 

confirming thereby the view that /9-ketonic esters are, in general, 
more reactive than the yS-diketones. 

Expekimental. 

^ 2-Phenyl-4:-methyl-hz-tetrahydroquinazoUne, 

This was prepared by the condensation of benzamidine hydrochlo- 
ride with acetyl cyclohexanone in the presence of sodium ethoxide : 


~£s 


I 

,-tH-CO MH 


Ph 


CO 


CH, 


H jN 


CH 


CH 


CM, C*CM, 

:C0" 

CH, n 


Benzamidine hydrochloride was prepared by Pinner’s method 
from benzonitrile, and acetyl cyclohexanone, according to the 
methoil of Borsche (.4ii nolcn, 1910, 377, 70) from cyclohexanone. 

Sodium (0-85 g.) was dissolved gin a slight excess of absolute 
alcohol and benzamidine hydrochloride (3*35 g.) was added. 
Sodium chloride precipitated out and the benzamidine went* intq, 
solution. Acetyl cyclohexanone (3 g.) was then added and the 
mixture heated under a reflux on the water-bath for 2 hours. 
Excess of alcohol was driven off and the substance precipitated out 
by the addition of water. The yield of the crude proddet was 80 to -3 
per qent^ of the acetyl cyclohexanone used. In later experiments 
by the use of pipefidine as the condensing reagent, the yield increased 
frUm 38 to 47 per cent, of the acetyl cyclohexanoife used ; by the 
use of this reagent the mass becomes visoous and solidifies after 2 
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to S hours on the addition of water. It was crystallised from dilute 

alcohol ; white light feathery crystals, m- p. 108“, vveto obt^idbd. 

(Found: N, 12'88; C, 80-12; H. 7-44. requires N, •12-50; 

C, 80-83; H, 7-14 per cent.). Its picnitf bus the m.p, 144° -145°. 

CondensaiioH of Tiemamidine Hydrochloride with Acetyl eyeJo- 

Hexanonc, with Potassium Carbonate as the Condensing Agent. 

Benzaniidine hydrochloride (1 g.) dissolved in 3 c.c. ofwa^er, was 
mixed with/i saturated solution of potassium carbonate. The clear 
solution being mixed with acetyl cyclohexanone (l-S g.) immediately 
deposited an oily product which quickly solidified. The mixture was 
left overnight. The crude product melted between lOO"” and J09“. 

It was supposed that it might be an intermediate product; but in 
.attempting to crystallise it either from alcohol or a(?etic acid it 
decomposed, setting the acetyl cyclohexanone free. 

2-p-Tolyl-4-niethyl-hz-tctrahgdroquinazolinc. 

p-Toluamidine hydrochloride, prepared according to the method 
of Pinner, was condensed with acetyl cyclohexanone. The procedure 
is the same as in the case of benzamidine hydrochloride. From 
3‘64 g. p-toluamidino hydrochloride the yield of the crude preduet 
is 0*8 to 1 gm. It is crystallised from dilute alcohol : light feathery 
crystals, m.p. 129“-130”, are obtained. It is soluble in benzene, ether 
alcohol, acetone, ethyl acetate and petroleum ether. (Found : N, 
12*39. CjeHigN, requires N, 11*76 per cent.). «• 

2-Amino-4-methy}-b7.-letrahydroqtiinaznUne . 

Finely powdered guanidine nitrate (2*7 g.) was condensed with 
acetyl cyclohexanone (3 g.) ii the presence of sodium ethoxide 
(0*37 g. Na). The procedure is the same as in the previous cases, 
Ahe heating required in this case being 7 to 8 hours ; yield of the 
crude product is 1*5 gm. It is crystallised from ethyl acetate; m.p. 
177°. 178°. (Found: N, 2*3*07. CgHijN, requires N, 25*76 per 
cent.). 

J 

2-Phenyl-4 :8-dimethyl-hz-tctrahydroquinazoline. . 

2-Methyl-6-apety 1-1 -cyclohexanone (1*5 g.), prepared as in the 
case of acetyl cyclohexanone from o-methyl-cyclohexauone, was 
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condensed with benzamidine hydrochloride (1‘68 g.) in the presence 
of sodTuvt ethccide (0*28 g. Na). 

The procedure is the same as in the case of 2-phen7l-4-methyl- 
ba-tetrahydroquiaa^line. Yield of the crude product is 0*7 gm. 
It is cryataUised from dilute alcohol; m.p. 84'*-85°. (Found :N, 
11*48. CtaH,gN, requires N, 11*70 per cent.). 

2-p-Tolyl-4 :8-dimeihyl-hz-tetrahydroquinazoline. 

-*■ 

p-Toluamidino hydrochloride (1*6 g.) was condenged with 
' 2-methyl>G-acetyl-l>cyclohexanone (1*5 g.) in the presence of 
sodium ethoxide (0*23 g. Na). The procedure is the same as before. 
Yield of the crude product is 0*6 gm. It is crystallised from dilute 
alcohol; m.p. 95°. (Found ;N, 11*74. C»,H,oN, requires N, 

11*11 per cent.). 

2-Amino-4 :8-dimcthyl~hz-tetrahydroquinazoline. 

2- Mothyl-O-acetyl-ryclohexan-l-onc (3 g.) was condensed with 
guanidine nitrate (2*2 g.) in the presence of sodium ethoxide 
(0*45 g. Na). The method of procedure is the same as in the case 
of 2-angino-4-mcthyl-&r-tetrahydroquinazoline. Yield of the crude 
product is 2 g. It is crystallised from alcohol; m.p. 103°-I04°., 
(Found: N, *23*85. OjoHjaN, requires N, 23*72 per cent.). 

2’Phcnyl-4 : 7 -di inethyl-hz-tetrahydroquinazoline. 

3- Methyl-O-acetylcyclohexan-l-one (3 g.), prepared in the same 
way as acetyl cyclohexanone from ?«-methylcycZohexanone, was 
condensed with benzamidine hydrochloride (3*5 g.) in the presence 
of sodium ethoxide (0*44 g. Na). The whole thing was heated on 
the water-bath, as in the previous cafes, for 3 hours. In this case 
the smell of NH, was quite perceptible probably due to the decom- 
position of the amidine in the presence of sodium ethoxide. Yield 
of the crude product is 1 gm. It is crystallised from dilute alcohol; 
m.p*. 111°-112°. (Found:N, 12*20. O.gH.gN, requires N, 11*76 
per cent.). 


!l-p-ToIyZ-4 : 7-dimethyl-hz-tetrahydroquinazoUne. 

3 -lftethyl- 6 -acetyl-cyelohexan-l-one (8 g.) was condensed with 
p-toluamidine hydrochloride (3*3 g.) in the presence of sodium 

m 
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ethoxide (0*44 g. Na). Procedure ie the seune as in the previous 
cases. Yield of the crude product is 0*5 gm. It is orysItatiiBed 
from dilute alcohol, m.p. 135®. (Found ;N, 11*38. 0, vH,oN, 

requires N, 11*11 per cent.). 

Bs -TETRAHYDBO-HYDROXYQUIN AZOLINES . 

2-Phcnyl-4-hydroxy-hz’tetrahydroquinagoline. 

Ethyl c7/clohexan-l-one-2-carboxylatc prepared according to 
the method of Kotz and Hesse (Annalcn, 1905, 342 , 306) was 
condensed w-ith benzamidine hydrochloride in the presence of 
sodium ethoxide. On adding the ester (2 g.) to the benzamidine 
hydrochloride (1*84 g.) in sodium cthoxide (0*26 g. Na) solution, 
a yellowish colouration developed with some evolution of heat, and 
the smell of NH, was quite perceptible. It was then heated on 
the water-bath for 2 hours. Yield of the crude product was 2*3 
gm. It was crystallised from hot absolute alcohol mixed with 
animal charcoal. The crystals formed perfectly white, long needled, , 
m.p. 238®. (Found :N, 12*04. C,iH,*N,0 requires N, 12*39 

per cent.). 


2-p-Tolyl-4~hydrnaiy-bz-teira1tydroquinazoline . 

Ethyl ei/cIohoxan-l-one-2-carboxylato (3 g.) was condensed 
with p-toluamidine hydrochloride (3 g.) in the presence of sodium 
othoxide (0*4 g. Na). * 

The condensation was effected as in the previous case, the yield 
being 4 g. (almost quantitative). It was crystallised from hot 
alcohol mixed with animal charcoal in colourless needles, m.p. 
255° — 257°. (Found ;N, Jl'93. CisH,„N,0 requires N, 11*66 
per cent.). ** 


2~Amino-4-hydroxy-h7,-tetrahydroquinazoline. 

Ethyl cj/clohexan-l-one-2-carboxylate (3 g.) was condensed ^ith . 
guanidine nltl-ate (2*25 g.) in the presence of sodium ethoxide 
(0*4 g. Na). The experiment was effected as in the previous cases 
but though there was a rise of temperature there was ho change 
of coK>iur in th 2 ,s case. Yield of the crude product was 3*2* gm. 
It is insoluble in all the common solvents. For purification, this 
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substance was dissolved in acetic acid, filtered and the base repreci* 
pitafed by means of ammonium hydroxide. The precipitate was 
then tlforoughly washed with water. It did not melt even above 
300°. (Found :N, 25*42. GbH,,N, 0 requires N, 25*4.5 per cent.). 


2-Phenyl-A-hydrozyS-methyl-hz-letTahydroquinazoline, 

Ethyl 2-methyl-cJ/cZohexan-l-one-O-earboxylate, prepared from 
e-methylct/clohexanone in the same way as ethyl c^clohexan-l-oue- 
2-carboxylste, was condensed with benzamidine hydrochloride in 
the presence of sodium ethoxide. On the addition of ethyl *2- 
methyl-ci/clohexan-l-one-O-carboxylate to the mixture of benzami- 
dine hydrochloride and sodium ethoxide, a yellow colour developed. 
It was kept overnight and on experimenting with a part of it the 
next day, it was found that the reaction product did not go into 
solution although the reacting substances are all soluble in water. 
This shows that the reaction takes place even at the ordinary 
temperature though not completely. It was then heated on the 
water-bath for 2 hours. It is fairly soluble in hot alcohol, benzene 
and ethyl acetate. It crystallised from dilute alcohol, in tiny white 
needles, m.p. 200°. (Found :N, 12*0. GuHiaN.O requires N, 
ll*06q)er cent.). 


• '2-p-Tnhjl-4-hijdroxy-6-)ncthyl-bz-tctrahydroquinazoline. 

TBe condensation was effected between ethyl 2-methyl-cj/cIo- 
hexan-l-one-6-carboxylatc (2 g.) with p-toluamidine hydrochloride 
(1*7 g.) using sodium ethoxide (0*25 g. Na) as the condensing 
reagent. The experimental details are the same as in the previous 
experiment. It was crystallised froux absolute alcohol mixed with 
some animal charcoal. Needle-shRped crystals, m.p. 231°-133°, 
were obtained. (Found ;N, 11*45. GjoHisN.O requires N, 11*02 
per cent.). 

2-.<4 mino-4c-hydroxy-&-m e thyl-hz-te trahydroquinazoUne. 

The condensation was effected as in the previous "eases •between 
ethyi 2-mothylcj/cIohexan-l-oue-6.carboxylato (2 g.) and guanidine 
nitrate *1*32 g.) ih the presence of sodium ethoxide (0-25 g. Na). 
Yield «>f the crude product was 1*2 gm. It was csystallisej from 
alcohol in very fine perfectly white needles, which do not melt even 
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at 800® (Found; N, 28-66. C^HuON# requires N, 23*46 
per cent*). ‘ 


2-Phenyl-4-hydroxy-7 -mcthyhhz-tetrahijdroqninaisoline , 

Ethyl 3-methyl-cycZohexan-l-one-6-carboxy]ato (2 g.) prepared 
from m-methylci/ciohexanone according to the method of Kotz and 
Hesse (Zoc. cif.), was condensed with benzamidine hydrochloride 
(1-7 g.) in the presence of sodium ethoxide (0-25 g. Na) as in the 
previous ei^pcriments. Yield of the crude product was 1-8 gm. The 
condensation product was at first crystallised from dilute alcohol and 
then from benzene mixed with animal charcoal. Needles of bluish 
tinge, m,p. 214® — 216, are obtained ; these are sparingly soluble in 
ligroin with which they were washed to get rid of the last traces of 
impurities. (Found: N, 12*23. CisHiaON, requires N, 11-60 
per cent.). 

2-p-TolylA-hydroxy-l-methyUhz-teirahydroquinaz()linc. 

The condensation was effected between ethyl S-methylcj/cio- 
hexan-l-one-6-carboxylate (2 g.) and /j-toluaniidine hydrochloride 
(1‘7 g.) using sodium ethoxide (0’25 g. Na) as the condensing agent, 
as in the previous experiments. Yield of the crude product was 
2-5 gm. The substance was crystallised from benzene ; m.p. 
254“— 256*’. (Found: N. 11-09. C,,Hi,ON, requires N. 11-02 
per cent.). 


2-Amino-4-hydroxy-7-viethyl-hz-tc1 rahydroquinazoline . 

The substance was prepared by condensing 3-methyl-ct/c?ohexan*l- 
one-6-carboxylate (2 g.) with guanidine nitrate (1-32 g.) in the pre- 
sence of sodium ethoxide (0’25 g. Na). Yield of the crude product was 
2 ‘2 g. It was crystallised from a large excess of hot water. The 
crystals are perfectly white needles, fibrous in nature. They do not 
melt above 300° but there is only a slight charring near about 310°. 
(Found: N, 23-83. C.HjgONg requires N, 23-46 per cent.). 

c* 

2-Phenyl~hz-tetrahydroquinaaoline. 

*• 

Hydroxymethylene cyclohexanone prepared by the method^ of 
WallMh {Annalen, 1903, 829i 109) was condensed with benzamidine 
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hydrochloride using piperidine as the condensing reagent. Benza- 
miflinc hyc^chloride (8*7 g.) was dissolved in alcohol, 1 c.c. of 
piperidine was added and subsequently the required quantity of 
hydroxymethyleno cyclohexanone (3 g.) introduced. It was then 
heated on the water-bath for six hours, when the solution became red. 
Excess of alcohol vtas driven off and the product was precipitated 
out by means of water. Yield of the crude product was 2'4 gm. As 
the substance has a low m.p., it was thrice slowly crystallised from 
absolute alcohol at ordinary temperature; m.p. 52®— 53°. (Found; 
N, 13-32. requires N, 13*33 per cent.). 

The condensation between hydroxymethyleno ci/clohexanone and 
p-toluainidine hydrochoride and guanidine nitrate will be described in 
a later paper. 

Heduefion of 2-Phcnijl-4:~mcihyl-hz-iclrnhydroquina2oline. 

The substance (2 g.) was reduced with absolute alcohol (170 c.c.) 
and sodium (18-4 g.) under reflux condenser. After all the sodium 

• had dissolved in alcohol, excess of alcohol was driven off and water 

* added to dissolve sodium elhoxide when an oil floated on the surface 

of the water. There was also much tarry matter produced. The 
oil was extracted with ether, dried over sodium sulphate, and dis- 
tillgd in vacuo. Copious white fumes came out and only 4 or 5 drops 
of a heavy yellow oil could be collected. It had a very bad smell 
like that of a fish oil. It did not solidify even when it was kept in a 
desiccator for 7 days. A piemte of the substance was then prepared. 
Tfie jpicrate melts at 240® whereas the picrate obtained from 2-phenyl- 
4.methyl-6a-tetrahydroquinazoline molts at 144°— 145°. The 

quantity of picrate being very small, the original substance could not 
be regenerated. This will bo investigated in a subsequent paper. 

Coi-tE«B OF SoiBNCK. Heccited January, 13, 1927. 
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Synthesis of Coamaryl-4-acetic Acid 


By D. B. Limaye. 

• 

4-Methyl-couinariQ being required in connection with another 
problem, attention was directed to its preparation. The substituted 
coumaryl-4-acetic acids, as a class, lose carbon dioxide when heated 
(Dey, J. Chem. Snc., 1915, 107 , 1806; Dey and Bow, J. Indian, 
Chem. Soc., 1925, 1, 278). It was thought that the unsubstituted^acid 
would give the desired 4-methyl-couinurin. Reference to the litera- 
ture showed that the unsubstituted acid was not known to exist. 

This led me to attempt the synthesis afresh, with the result that 
coumaryl-4-acetic acid can be prepared easily, the procedure is making 
use of the general method laid down by Dey and Bow (J. Indian 
Chem. Soc., 1924, 1 , 112) as follows: — A sulphuric acid solution 
of acetone-dicarboxylio acid is prepared by mixing ten parts of citric 
acid with thirty parts of concentrated sulphuric acid and warming 
on the water-bath till the evolution of carbon monoxide ceases. On 
cooling, four parts of phenol followed by ten parts of sulphuric acid 
are slowly added with shaking and the reaction mixture is allowed 
to stand at the ordinary temperature (25”) for twenty-four hours. 
It is then poured into cold water and thoroughly extracted with 
ether. The acid is removed from the ethereal extract by alkali 
arid is precipitated by dilute sulphuric acid. The yield of the crude 
acid amounts to 15 parts for 100 parts of phenol. The acid is purified 
by recrystallisatiou from water till it melts at 170" with decomposi- 
tion. (Found: C, 64’5 ; H, 4*0. OjiHgO* requhes G, 64’7 ; 
H, <^9 per cent. Neutralisation equivalent, 203‘4. A monobasic acid 
requires 204). 

The acid when heated slightly over its melting temperature and 
kept at that point for some time, lost carbon dioxide and gave a 
liquid which solidified on cooling. This on recrystallising from wat6r 
or alcohol, was identified with 4-methyl-eoumarin both by direct 
•comparison and through its bromo-derivative. These facts are 
quite in agreement with a ooumaryl-4-aoetic acid cbj;xstituUon for the 
new acid. 


BaLAXBISBMA BaBABBAXiA, 
" KAriLABBBAll,” POOMA Cm. 
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Action of different Ring-closing Agents upon 4-R-Thio- 
semicarbazide-dithiocarboxylates and 4-R-sepiicar- 
bazide-dithiocarboxylates : Formation of different . 
Types of Thiobiazoles and Oxybiazoles. 

By Praphulla Chandra Guiia and Sunil Chandra Guha. 

Methyldithiocarbazinaie was first prepared by Busch (J. pr. 
Chem., 1916, 93> 59), and in the same paper he described mono- and 
dKalkyl dithiocarbazinates of the type XH/NH CS*SR and NH,* 
*N :C (SR) SB' respectively. In the present paper a thorough and 
systematic study of methyldithiocarbazinaie as regards its action 
upon different carbimides and thiocarbimides has been made and the 
resulting semicarbazide-dithiocarboxylates and thiosemicarbazide- 
dithiocarboxylates have been subjected to the action of differenl^ 
ring-closing agents, c.f/., hydrochloric acid, sodium hydroxide solu- 
•tion, acetic anhydride, etc. 

Tfiicjparbimides and carbimides react with the active hydrazino 
part of the methyldithiocarbazinaie to yield 4-R-thiosemicarbaz^de-1- 
methyldithiocarboxylates and 4-R-semicarbazide-l-methyldithiocar- 
boxylates, thus: — 

R NCS + NH/NH CSSMe — > iUSlH CS NH*NH CSSMe 
R-NCO + NH, NH CSSMe — > RNH-CO*NH-NH-CSSMe 

Phenyl-, tolyl-.xylyl-iallyl-iaothiocyanates and phenyl- and naph- 
thyl-isocyanatea have thus yielded respectively the corresponding 
*thiosemicarbazide-diihiocarboxylatos (I, II, III, IV, seepp. 163, 166, 
168 and 169) and semicarba/.ide-dithiocarboxylates (V,^’^I). • 

Tl^e r^g-cloBure of the above 4-R-thio8emicarbazide-l-methyl- 
dithioiparboxylates has been found to be really interesting. Phe- 
uylthiozemicarbazide-metbyldithiocarboxylate loses •one molecule 
of hydrogen sulphide when it is heated with alcohol with 

31 * • 
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the formation of 2-phenylimino-5*methylthiol-2 :S-dihydro*l^:8:4« 
thiodiazole. thus : ' 


PhNH'CS’NH'NH'CSSMe 


NH N 

I II 

PhN:C C-SMe 


NH-N 




I II 

PhN:C CSMe 
V 
S 


(VII). 


The same compound (VII) is also obtained when an aqueous solution 
of methyldithiocarbazinate hydrochloride is boiled with phenyl 
mustard oil. Presumably, 4-phenylthiosemicarbazide-l-methyl-di- 
thiocarboxylate is formed and loses a molecule of sulphuretted 
hydrogen. 

By the action of acetic anhydride, the acetyl derivative of com- 
pound (VII) is formed, and this can be hydrolysed so as to yield 
compound (VII). 

By the action of hydrochloric acid upon phenylthiosemicarba- 
zide-dithiocarbozylate, a molecule of aniline is split off and there is 
formed 2-thio-5-methylthiol-2 ;3-dihydro-l :3 :4-thiodiazole, thus: 


NH— 

— N 


1 

II 

HN— N 

SC 

C'SMe — 

1 II 

1 

1 

SC C'SMe + PhXH, 

NHPh 

SH 

V 


S 


(IX) 


Bing-closure of phenylthiosemicarbazide-dithiocarboxylate has 
also been effected with sodium hydroxide solution. In this case 
however, the ring-closure is attended with the elimination of a 
molecule of methyl mercaptan. Thus there is formed 2-phenylimino- 
5-thiol-2 :3-dihydro-l :3 :4-thiodi azole : — 


NH— 

— N 


1 

II 

NaOH HN— N 

PhN:C 

C*SH 

— ^ 1 II 

1 

1 

PhN:C C'SH-l-MeSH 

SH 

SMe 

V 

s 


This compouiid was prepared by Freund and Imgart {Ber., 

28 , 956) from PhNHCSNHNHCSNHPh by boiling with 
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concentrated hydrochloric acid and they wrongly called it phenyl- 
dithiourazole. Guha prepared a large number of such B-imino-thioL 
thiubia*zoles from BNH'CE'MH'NH, and carbon bisulphide in 
presence of potassium hydroxide (J. Amer, Chem. 8oc., 1922, 

44 , 1510). 

The action of tolyl mustard, oil upon m'ethyldithiocarbazinate is 
peculiar and takes two different courses depending upon whether 
the solvent is taken in large or small quantity. 

With a small quantity of alcohol, there is formed 4-tolyl-thio> 
semicarbazide-l-methyldithiocarboxylate, and with a larger quantity, 
there is formed 2-tolyiimino*5-methylthiol*2 :3-dihydro-l :3 :4-thio- 
diazole (X). * 

Xylyl (and allyl) mustard oil reacts with methyldithiocarbazin- 
ate to give a mixture of 4 B-thiosemicarbazide>l-methyldithiocar- 
boxylate and 2-R-imino-5-methylthiol-2 :3-dihydro-l :3 :4-thiodia- 
zole of which the former is soluble in alkali whilst the latter is not. 

The actions of acetic anhydride, hydrochloric acid, sodium hydrox* 
ide upon the tolyl, xylyl, and allyl compounds (II, III, IV) are 
^ejactly similar to those as observed with the corresponding phenyl 
compound (I) and thus compounds (XI — XVII) are formed. 

Acetic anhydride reacts with phenyl and naphthyl semicarbazide* 
dithiocarboxylates (V and VI) to yield 2>ll-imiao-3-acetyl-5>methyl- 
thiol*i>;3-dihydro-l :3 ;4-oxdiazole8 (XVIIl, XIX), thus: 

RNH CfO NH NH CSSMe — > AcN— N 

I II 

RN:C C*SMe + H,S 
V 
O 


Experimental. 

4-Phenyl-thioBemicarhazide-\~methyldiihiocarboxiflate, BhNH’CS’ 
NH- NH'CS.Me (I). 

Methyldithiocarbazinate (6 g.) was dissolved in warm absolute 
alcohol and phenyl mustard oil (7 g.) was gradually added and the 
mixture was continually shaken. The solution was allowed to stand 
‘overnight when a white precipitate was found to have^formed which 
WM filtered and crystallised from alcohol. The yield before •crystal- 
lisation was quantitative but after crystallisation the yield was 
10 govs., the loss being due to the formation of a ring compound! 
which ^rcnnained- in the mother-liquor. It melts at A48*-144* With 
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decomposition. Busfch (J. pr. Chein., 1916, 93 > 360) gives m, p. 
136‘’-137®. (Found: N, 16'14. CbHi»NsS, requires N, :J6‘34 
per cent.). * , ' 

2 - Phenylimino -B-methylthiol-^ - dihydro - 1:8:4- thiodiazole 
(VII). — ^The alcoholic mother-liquor from the above experiment was 
concentrated to half its bulk and treated with an equal volume of 
water. The white precipitate was crystallised* from dilute alcohol ; 
m.p. 132°-133'’. It is extremely soluble in alcohol but insoluble 
in alkali. (Found: N, 18'41. CoH^NsS, requires N, 18‘83 per 
cent.) 

The A.ietyl derivative . — The above substance (1 g.) was heated 
with an excess of acetic anhydride under reflux for about 20 minutes 
and then poured into water when an oily mass was obtained which 
solidified on standing. Tt was crystallised from water; m.p. 153°- 
154°. (Found: N, 15‘60. Cj,Hi,ON,S, requires X, 15’85 per 
cent.) 

Methyldithiocarbazinate Hydrochloride and Phenyl Mustard Oil: 
Formation of (VII). 

Methyl-dithiocarbazinate (2 '48 g.) was dissolved in an excess of 
dilute hydrochloric acid and phenyl mustard oil (2 '8 g.) gradually 
added. The mixture was heated under reflux for 3-4 hours ; 
bn cooling a white solid mass was obtained. It was crystallised 
from dilute alcohol; m. p. 132°-133°. It is insoluble in dilute 
caustic soda solution and identical w'ith compound (VII). (Fo'md: 
N, 18*54. CbHbNsSj requires N, 18*83 per cent.). Busch and 
Schmidt (JSer., 1913, 46 , 2247) and Busch and Bichler (.7. pr. Chem., 
1916, 98 , 360) give m. p. 126-127°. 

i 

PhenyUthioscrnicarbazide-dithiocarhoxylatc and Aceiic Anhy- 
dride : Formation of 2-Phenylimino-3-acetyl’S-7nethyHhiol-2 :S-dihy- 
dro-1 :3 :4:-thiohiazole. 

f 

Phenyl-thiosemicarbazide-methyldithiocarboxylate (2 g.) was 
heated on a sand-bath with an excess of acetic anhydride under 
reflux for 15-20 minutes. The clear solution was poured into water 
when an oily mass was obtained which on standing solidified and 
was crystallised from water. Yield 1 gm. It is msoluble m dilute 
caustic soda solution: m. p. 158°-154°. (Found: N, ^5*63. 
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,ONsS, requires N, 15*85 per cent.).* It is identical with 
the acetyl derivative of compound (VII) ; mixed m. p. 153-154°. 


Deacetylation of the above Compound. 

The above compound (1 g.) was heatod with concentrated hydro- 
chloric acid (d 1 **19) for 20 minutes. On cooling a white solid 
came down which was crystallised from dilute alcohol. It was 
identical with compound (VII); m. p. 132^-133°. (Found: N, 
18 t)2. CoHbNsS, requires N, 18*83 per cent.) 

Treatment of Phenyl- thioscmicarb azide -mcthyldithiocarboxy- 
latc uith Hydrochloric Acid : Formation of 2-Thion-o-methylthiol- 

2 ;3-d»7ij/dro-l :'d :4-thiohia9oh' (IX). 

Phenyl-thiosemicarbazide-methyldithiocarboxyiste (2 g.) was 
heated with un excess of concentrated hydrochloric acid (d- 1*19) 
for 15 minutes. The reaction mixture, on cooling, yielded a white 
• precipitate which was crystallised from water in needles; m. p. 143°- 
*144°. Yield 1 gm. It is soluble in cold dilute sodium hydroxide 
solution. (Found; N, 17-29. C,H*X,Sg requires N, 17*07 per 
cent.). 

2 : b-Dimethylthiol~l :3 :4-thiobiazole. 

The above substance (0-8 g.) was dissolved in the calculated 
qUbntity of sodium hydroxide solution (1 mol. to 1 mol.) and was 
heated with methyl iodide (0*7 g.) and a few c.c. of methyl alcohol 
under reflux at 50° -00° for about 15 minutes. After removing the 
excess of methyl iodide, the solution was poured into water when 
an ofl separated which did not solidify even on standing for several 
hours. It was then extracted with ether dried over fused calcium 
chloride, the ether removed and then kept in a vacuum desiccator, 
where it solidified after a few days and was crystallised from^ dilute 
alcohol. It is insoluble in alkali; m. p. 130° ; yield 0-1 gch. 
(Found: N, 15*52. C^HaNgS, requires N, 15*73 percent.). 

* Busch and Ziegele (J. pr. Cheni., 1899, 60, 42) prepared the di- 
methyl compound by an entirely different metf^d aqjd gave the 
m. p. 130°. It might be mentioned here that the present method 
is theT>nly method by which the mono-alkyl-derivatives of the 
^hiobiaeoledithiol can be obtained. 
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Treatment of Phenyl-ihio8eniicarbazide~methyldithiocarhoxylaie 
with Cauatio Sod-a: Formation of 2-Phenylimino-5-thiol-2:8~dihy4ro- 
1 :S :^~thiodias!olc {X.). * 

Phenyl-thiosemicarbazide-methyl-ditliiocarbozylate (2 g.) was 
heated with 2N-sodium hydroxide solution under reflux. The re- 
action commenced within a few minutes as was indicated by the 
evolution of mercaptan. After six hours' heating the evolution of 
mercaptan ceased and the solution was after cooling acidified with 
dilute hydrochloric acid. The white precipitate thus obtained was 
crystallised from alcohol m. p. 216"’-2l6'". (Found: N, 20*31. 
CgHjNjS, requires X, 2()-l()per cent.). 

The Benzyl derivative . — The above substance (0-2 g.) was dis- 
solved in alcoholic sodium hydroxide solution and was heated with 
benzyl chloride (0*22 g.) under reflux for 10-15 minutes. A white 
solid separated out which w'as washed with water and crystallised 
from dilute alcohol , m. p. 140-141'^. (Found: X, 14-21, 

XjS, requires N, 14 -Oo per cent.). 

The Methyl derivative . — The substance (1 g.) was dissolved in 
methyl alcoholic solution of sodium hydroxide and heated with . 
methyl iodide (0-5 g.) under reflux at 50''-60" during 20-25 minutes. 
On pouring into water and standing for some time, a white solid 
separated which was washed with water and crystallised from alco- 
hol ; m. p. 132°-133°. (Found: K, 18-63. C»H„N,S, requires 
N, d.8-83 per cent.). It is identical with compound (VII). 

Methyldithiocarbazinate and p-Tolyl Muetard Oil iin a small 
quantity of alcohol) : Formation of 4-p~2'olyl~thiosc micarbazidc *i- 
methyldithiocurboxylate , p-TolNH'CS'NH’NH’CS, Me. 

Methyldithiocarbazinate (6-1 g.) was dissolved in the minimum 
quantity of alcohol and tolyl mustard oil (7- 5 g.) was gradually 
added with shaking and the mixture allowed to stand overnight. 
The separated solid was crystallised in plates from benzene, m. p. 
135*’-136° (with decomp.). It is soluble in cold dilute sodium 
hydroxide solution. The yield is quantitative. (Found: N, 16*78. 
requires N, 16*60 per cent.). 

Methyldithiocarbazinate and p-Tolyl Mustard Oil (in a large • 
quantity of alcohol^ : Formation of 2~Tolylimino~5-methylthiol^2 :3- 
dihydro-1 :S :4.‘thiodiazole (XI). 

Methyldithiocarbazinate (8 g.) was dissolved in a large quan- 
tity of absolute alcohol and tolyl mustard oil (8:8 g.) gradually ^ 
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added to it Mid the mixture kept overnight. No precipitate was 
found to ha^e separated next day ; but after 4 or 5 days, a crystal- 
line precipitate began to separate slowly with the evolution of sul- 
phuretted hydrogen. After a week, the solid product was sepsirated 
by filtration and crystallised in rectangular plates from dilute 
alcohol, m. p. It is insoluble in dilute caustic soda 

solution. (Found: N, 17‘38. C,oH,jNj,S, requires N, 17-72 per 
cent.). 

Formation of the above compound can be enhanced by concen- 
trating the alcoholic reaction mixture on a water-bath. , 

The acetyl derivative was prepared in the usual manner and. was 
crystallised from water. It melts at 94'^-95', and the mixed 
melting point with the compound obtained from p-tolyl-thiosemi- 
carbazide-dithiocarboxylate and acetic anhydride was also 94-95°. 
(Found: N, 15-42. requires N, 15-05 per cent.). 


Deacrtylation of the above Cotupound . 

The acetyl compound was de-acetylated by heating with concen- 
trated hydrochloric acid and the resulting compound was found, by 
analysis and mixed melting point, to be identical with the com- 
poiftid as obtained by the action of methyl iodide upon compound 
(XIII). .(Found: N, 17-34. C,oHx,N,S, requires N, 17-72 "^er 
cent.). 

’Solyl-lhioaemicarbazide-methyldithiocarboxylate and Acetic 
Anhydride: Forntation of 2-ToIyJiniino-5~niethyUhioJ-ti-acety1~2 :S- 
dihydro-i :S :4:-thiudiazole (XII). 

Proceeding in the same way as with the phenyl compound, 1*5 gm. 
of the thiodiazole derivative was^btained from 2 gm. of the dithio- 
carboxylatc. It melted at94°-95°. It was proved to be identical 
with the compound as obtained by acetylating compound (XT). 
(Found: N, 15-42. C, ,Hj,ONaS, requires N, 15-05 per cent.). 

Treatment of Tolyl-thiosemicarbazide-mcthyldithiocarboxylate 
with Hydrochloric Acid : Formation of 2-Thion-^meihylthiol-2 
dihydfO'l :3 :A-thiodiazole (IX). 

The method of procedure was the same as^ with tbe phenyl 
compound. It .melted at 143°-144°, It was proved to be identical 
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with compound (IX) obtained from phenyl<thioBemicarbaz(de- 
dithiooarbozylate. Presence of toluidine in the acid iiltrate was 
- proved. 

Treatment of Tolyl-thiosemicarbazide-methyldithiocarboxylate 
by Sodium Hydroxide: Formation of 2-Tolfilimino-5~thiol-2 :S‘ 

dihydro-1 :3 :4-thiodiazole (XIII). 

The method of preparation and isolation was the same as in the 
case of the corresponding pheuj'l compound (X). It was crystallised 
from alcohol, m.p. 2I5°-216®. (Found: N, 18‘77. re- 

quires N, 18’83 per cent.). 

The Disulphide . — ^'Phe above thiobiazole compound was dissolved 
in dilute caustic soda solution and an iodine solution (in potassium 
iodide) gradually added to it until no more was taken up. The 
yellow product so obtained could neither be crystallised nor purified 
from the common organic solvents, it being insoluble in all of them. 
It was repeatedly washed with dilute sodium hydroxide solution and 
water and then dried in a steam oven. It shrinks at 185° and 
melts at 210°-212°. (Found :N, 18-68. requires N. 

18*92 per cent.). 

Methyldithiocarbazinate and Xylyl Mustard Oil : Formation of 
4-Xylyl-ihio8emicarbazide-l-mcthyl-dithiocarboxylatc (III) and 2- 
Xylylimino-b-methylthiol-2 :B-dihydro-l :3 :4-thio diazole (XIV). 

Xylyl mustard oil (6 ’5 g.) was gradually added to an alcoholic 
solution of methyl-dithiocarbazinate (5 g.) under shaking and then 
allowed to stand for four days without the formation of any precipi- 
tate. The solution, on being concentrated on u water-bath, yielded a 
pasty mass which was treated with cold dilute sodium hydroxide 
solution in which it was found to -be partially soluble. The alkaline 
filtrate on acidification with dilute hydrochloric acid gave a semi- 
sojid mass which soon solidified. The solid could not be isolated in 
a pure state. So, further investigation was performed wdth this crude 
product (yield 2 g.). 

2-Xylyli1nino-&-methylthiol-2:B-dihydro-l :3 :4-ihiobiazole. 

The insoluble portion was thoroughly triturated with dilute 
caustic sbda solvation to remove any trace of the alkali-soli^ble 
compound, filtered, washed repeatedly with water and finally 
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crystallised from dilute alcohol, m. p. 185* -186“; yield 7 gms. 
(Foufld,:N, 17,*19. Oi,H,sNaS, requires N, 16'73 percent.)- 

The doeiyl derivative was prepared by heating the above com- 
pound with an excess of acetic anhydride under reflux for 15 minutes. 
It was crystallised from water; m.p. 128°-129“. It was proved to be 
identical with the compound obtained by the action of acetic 
anhydride upon xylyl-NH’CS'NH'NH CSSMe. (Found :N, 14'46. 
C.bHjbONjS, requires N, 14*33 per cent.). 

Action of Acetic Anhydride upon Xylyl-thioseniicarbaside-dithio- 
carboxylate : Formation of 2-Xylylimino~3-acetyl-5-methT^thiol~2:8- 
dihydro-1 :3 :4-thiodiazole (XV). 

The crude dithiocarboxylate was heated with an excess of acetic 
anhydride under reflux for 1.5 minutes. It was then poured into 
water when an oily mass was obtained which soon solidified and 
was crystallised from water, m.p. 128’-129°. (Found :N, 14*67. 
NaS, requires N, 14'33 per cent.). 

, • De-acotylation of the foregoing acetyl compound was effected by 
heating it with concentrated hydrochloric acid. It was identical 
with the alkali-insoluble compound obtained by the action of xylyl 
mustard oil upon methyldithiocarbazinate; m.p. ISo^-lSfi®. 
(Founfl.-N, 17*20. requires N, 16*73 per cent.). 

• 

^ Treatment of Xylyl-ihiosemicarbazidc-dithiocarboxylate with 
Hydrochloric Acid : Formation of 2-Thion-5-methylthiol-2 :3-di- 

hydro-1 : 3 : 4-thiodiazolc (IX) . 

The crude substance was heated with an excess of concentrated 
hydrocjjloric acid. The solid obtained on cooling was crystallised in 
needles from water, m.p. 143°-144'-\ It is soluble in dilute sodium 
hydroxide solution and is identical viith the compound as obtained 
from phenyl- and tolyl-thiosemicarbazido-methyldithiocarboxylates 
on similar treatment. 

^Methyl-dithiocarbazinatc and All yl Mustard Oil: Formation of 
AHyl-ihioaemicarbazide-nicthyldithiocarboxylate (IV) and 2-Allyl- 
imino-5-methylthiol-2 :3-dihydro-l :3 : 4-thiodiazolc (Xfi). 

.^Jyl musard oil (5 g.) was gradually added to methyl dithio- 
cavba^nate (6 g.) dissolved in absolute alcohol and the mixture well 
shaken and allowed to stand at ordinary temperature for four days. 
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As no precipitate came out, the solution was almost evaporated to 
dryness on the water-bath when a semi-solid product tvas oh^■lalned. 
It w'as then treated with cold dilute caustic soda solution and'filtercd. 
The filtrate on acidification with dilute hydrochloric acid gave a white 
precipitate which was purified by crystallisation from water; m.p. 
139®-140®; yield 4 gms. (Found ;N, 19'39. requires 

N, 19*00 per cent.). 

'J-Allylimino-5-victhylthiol-2 :3-dihy(1ro-l :3 :4-1hioiliazolc (XVI). 

r 

^ The portion insoluble in alkali was washed repeatedly with water 
and was obtained in long rectangular crystals from boiling water. It 
shrinks at 75^^ and melts at 77*^ -78^. Yield o gms. (Found :N, 
21*97. requires X, 22*4(> per cent.). 

The acetyl derivative was prepared in the usual manner and 
crystallised from a small quantity of water, Tt shrinks at 85^* and 
melts at It is identical with the compound as obtained by 

the action of acetic anhydride upon the parent dithiocarboxylate (IV). 

Allyl-fhiosemicarbazide-dithiocarboxylate and Acetic Anhjfdridc : 
Formaiion of 2’Allylhnino-3-acetyl-5-mcthylihiol-2 :3‘dihydro-l :3 :4- 
thiodiazole (XVII). 

< 

The dithiocarboxylate was heated with acetic anhydride under 
reflux for 15 minutes and was then poured into water anti after some 
time a solid mass came out which was crystallised from a iiniall 
quantity of water. It is insoluble in cold dilute caustic soda solu- 
tion, shrinks at 85"' and melts at 98'^-94"^. (Found: X, ]8'63. 
CuHijONaS, requires N, 18*34 per cent.). 

The dc-acetylation of compound (XVIT) was effected in the usual 
manner by heating with concentrated hydrochloric acid and the 
product was crystallised from water in long rectangular plates, m.p. 
77°-78°. It was identical with compound (XVI). (Found : X', 22*14. 
requires N, 22*46 per cent.). 

Action of Hydrochloric Acid upon Allylthiosemicarbazide-dithin- 
carboxylate : Fjirmation of 2-Thion-5-m€ihyUhiol-2 :3-dihydro-l :3 :4- 
ihiodiazole (IX). 

On heating the dithiocarboxylate with concentrated hydroc^lomc 
acid a crystalline mass w'as obtained which was crystallised in needles 
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from water, m.p. 143®-144'’. It is identical witli the compound (IX) 
as dbtained similarly from phenyl-, tolyl-, and xj'lyl-thiosemicarba- 
zido-dithiocurboxylates. 

Phenyl isocyanate and M cihyl-dithiocarbazinaie : Formation of 
^-PhenylscmicarbaziiJe-l-mcthyldithiocarhoxylatc (V). 

From 2 gms. of methyl-clithiocarbazinate and 2 gms. of phenyl- 
Mocyanatc, 3’8 gm. of the product were obtained. The compound was 
crystallised from rectified spirit and was soluble in cold dilute alkali. 
It melts at with decomposition. (Found: 17'81. 

G^HiiONaS. requires X, 17*42 percent.). Busch (J. pr. Chem., 
1910, 93 . 351) gives m.p. 190®. 

Action of Acetic Anhydride npon the above Compound : Formation 
of 2-Phcny1imino-S-acctyl-5-fH€lhylthiol-2 :3-dihydro-l :3 :4-oxybiazolc 
(XVlll). 

• 

• The above compound was heated with an excess of acetic anhy- 
dride under reflux for 15-20 iiiinutes. It was then poured in water 
when an oily mass st*}>arat«'d out hieh solidified on standing for 
some time. Tht* product so obtained was crystallised from water; 
m.p. •l39®-140®. (Found: N, 10*42. (\,H^O,N,S requires N, 

16*87 per 4;eni.). 

Kaphthyl mocyiniate and Methyl-dithiorarbazinatc : Formation 
of A-\^phth yl-sc fnicarba zidr -I- methyl diihiocarboxylatc (VI). 

Xaphthyl-/«<)cyanate (2'4 g.) was gradually added to an alcoholic 
solution of inethyl-dithiocarbazinate (3*3 g.) under vigorous shaking 
and the luixuri* was allowed i<j stand for some time when an insoluble 
white solid product was obtained. •!! was crystallised repeatedly 
from alcohol, m.p. 202 -203^ (with decomposition). Yield quanti- 
tative. It was soluble in dilute caustic soda solution. (Founcf : N,. 
14'21. CiaHiaOXaS, requires X, 14*43 per cent.). 

Ping~clo8urc of the above Compound with Acetic Anhydride : 
Formation of 2-NaphthyliminO’S-acctyh5-methylthfol‘2 :9^-dihydro- 
1 :8 :4-ojrydiazoIc (XIX). 

• 1*^ gm. of a white solid product were obtained bff treating 2 gm. 
of the above compound with acetic anhydride. It was crystallised 
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from dilute alcohol* m. p. lAQ^-lSO”. It was insoluble in alkali. 
(Found: N, 14’46. Ci,H,,0,N,S requires N, 14'05^er cent.). 

Our thanks are due to Sir P. C. Eay and Prof. J. C. Ghosh for 
the kind interest they have taken in this work. 

Ghemicu. Laboeatory, 

The Umivebsity, Dacca. Jleceived December 4 , 1026 . 



Adsorption bf Ions and of Sols at Interfaces and 
its Applications to certain Problems of 
Colloid Chemistry. 

By N. B. Bhar. 

Experiments on the adsorption of various electrolytes by sols as 
well as by freshly precipitated substances have been carried on in 
these laboratories for more than ten years. As adsorbents we have 
used hydrated manganese dioxide, ferric hydroxide, aluminium 
hydroxide, chromium hydroxide, stannic hydroxide, vanadium pen- 
toxide, silicic acid, arsenious sulphide, antimony sulphide, barium 
* sulphate, etc. In this communication I shall briefly state the im- 
portant results obtained by us.' 

We have observed that hydrated manganese dioxide mainly ad- 
sorbs the basic portions of salts making the neutral solutions acid 
aftv adsorption. Similarly barium sulphate in the course of its 
formation mainly adsorbs the acid radicles from neutral salts nmk- 
ing the solutions distinctly alkaline. 

^ From the experimental results on adsorption, which are available 
at paesent, we have come to the following conclusions : — 

(1) The generally accepted view that an ion, which is highly 
adsorbed also possesses a high coagulating power is not supported by 
experiments on adsorption. 

(2) There is no justification for the assumption that the greater 
the valency and hence the coagulatkig power of an ion, the greater 
is its adsorption. 

(3) On the other hand, experiments on the coagulation and ad- 
sorption of different ions by sols of HgS, Sb^S,, Al(OH),, Fe (OH)s, 
^,Oe. MnOi etc., strongly support our view that the greater the 

valency of an ion, the less is the amount of adsorp^on. 

• • 

‘ anorg. Chem., 1922, 121, 135; 1926, 162, 399, 406; Jour. Phys. Chem., 
1928, 26 , 701, 836 ; 1923, 27 , 376 ; 1924, 28 , 313, 467 ; 1926, 22 , 436, 669 ; 1926, SO, 
628, ,830; Roll. Zeit., 1928, 88 . 18. 29, 198 ; 1924, 81 , 262 ; 19g4, 86 . 144? 1926, 86 . 
129. 
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(4) It has been shown that the largo amount of adsorption of 
ions associated with the coagulation of sols like MnO«.> Fe(pH)a, 
Al(OH), Cr(OH), etc., is mainly due to the marked chemical 
affinity of these substsmces for the coagulating ions. 

It is of interest to note that those substances, which can form 
complex salts with the adsorbent are adsorbed m&st. 

It appears that hydrated MnO,, which behaves like H,MnOa 
and hydrated SiO,, which behaves like HaSiO,, can adsorb large 
quantities of OH' ions, because an acidic substance has naturally a 
great affinity for OH' ions. 

Jt has been proved (Dhar, J. Phys. Chon., 1924. 28, 125) that 
when an alcoholic solution of iodine is added to starch sol, the 
electric conductivity of the blue substance formed is much greater 
than the sum of the conductivities of the individual substances. 
The product obtained by the adsorption of iodine by starch is 
appreciably conducting and behaves something like an unstable 
iodide. 

It will be interesting to mention here that Gillespie and Hall 
(J. Amer. Chon. Soc., 1920, 48 , 1207 ) and Liambert and Gates 
{Proc. Roy. Soc., 1925, A 108 , 456) have concluded from their ex- 
periments on the adsorption of hydrogen by palladium that definite 
chemical combination takes place between hydrogen and palla- 
dium. 

We have observed a peculiar phenomenon, that the adsoryjtion 
of ions by MnO, depends on the total volume of the solution used 
and for a definite concentration of the electrolyte, increase in the 
volume of the electrolyte leads to an increment in the amount of 
adsorption by a definite weight of MnO,, showing that the 
simple adsorption isotherm is not obtained with the adsorption 
by MnO,. 

Evidently the phenomenon of adsorption is most marked when 
there is chemical affinity between the adsorbent and the substance 
which is being adsorbed. 


Adsorption of ions carrying the same charge as the sol or the 
. ' suspended solid substance. 

We have proved that negatively charged hydrated manganese 
dioxide,' not only^ adsorbs cations but it also adsorbs appreciable 
quantities of anions and of OH' ions. 
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The following results were obtained in the 

and beses by hydrated manganese dioxide : — 

• 

adsorption of 

acids 

Electrolyte. 

Original concentration 
of H° or OH' ion. 

Amount of or OH' 

ion adsorbed. 

H.SO* 

0*0004 gr. of H“ 

0*0003 gr. H* 


CH^CO.H 

00102 „ 

0*0003 gr. H* 


NaOH 

0*0170 gr. of OH' 

0*008 gr. OH' 


KOH 

0*0170 gr. of OH' 

0*008 gr. OH' 


The following results were obtained with hydratt^d siMca: — 


Electrolyte. 

Original 

eoncentratioD. 

Percentage 
of adsorption 


CHaCOsH 

0*0540 

0-46 


HoCJ.)* 

0 * 0 .‘U 0 

0-25 


C.H,CO,H 

0-0145 

0-24 


HaSO, 

00*256 

0-51 


HCl 

0-0208 

0-12 


HNO, 

00322 

0-21 


NH 4 OII 

0*00351 

29-1 


NaOH 

0-00564 

30-68 


Ca(OH):e 

0-00059 

77-27 


Ba(OH)tt 

000768 

54-4 



The •foregoing experiments prove that though hydrated MnO, or 
SiO* is negatively charged, more of OH' ions are adsorbed than H® 
ions, because of the marked chemical affinity of the acidic substan- 
ces Jiko MnO,, SiOa etc., for OH' ions. Here we see that adsorption 
is infltienced more by chemical affinity of the adsorbent for the sub- 
stance which is being adsorbed than the nature of the electric charge 
on the adsorbent. 

have also proved that barium sulphate in the course of its 
precipitation, not only adsorbs negative ions from electrolytes, but it 
also adsorbs positive ions as the following results will show. 




KCl 

0*1038 M 

0*1 



0*06804 M 

•go . 


KBrO, 

0*09400 M 

0*6 


Na^AsOs 

• 

0*08888 M 

3*7 


• 

We have also observed that Cl'> SO«* and C,0 

«'* iolfs are 

• 

adsorbed 

by negatively charged sols 

of As,S,, Sb,S, 

etc. , when 

they are 
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coagulated by KCl, K,SO^. K,C,0^ etc. The folJowiag quanti- 
tathe re>iuU has been obtained with KCl and Ah^S, aol ;-»• * 


Adsorption of Potassium and Chlorine Ions, 

Amount of As, S, =0*4508 gram; voIume=ld^) c.o. 

OrigiDsl concentration. Final concentration. Adsorption. 

0*05997 Cl' 0 05900 Cl' 1*6 per cent. 

0*05997 K® 0*05790 K® 3*3 

t 

Hence the ratio of the adsorption of potassium ion to chlorine ion 
in the coagulation of a sol of As^eSa by KCI is 2’06. 

The importance of the adsorption of ions carrying the same 
charge as the sol will be evident from the following considerations : — 

(1) The abnormal dilution effect, shoM'n by sols like As^Ss, Sb, 
Sa, mastic, gum dammar, Prussian blue etc., when coagu]^^ted by 
univalent ions like Na^, Li® etc., {viz. more of electrolytes like 
KCl, NaCl, LiCl etc., are necessary to coagulate a dilute sol than 
a concentrated one), is mainly due to the fact that these sols can 
adsorb ions carrying the same charge as the sols. 

(2) The abnormal behaviour, shown by sols likeASjjSj, Sb-jS^, 
m*.stio, Prussian blue, etc., when coagulated by mixtures of electro- 
lytes {i.c. the precipitation values of mixtures of electrolytes of 
widely varying precipitating powers are much greater than the 
additive values), is also due to the adsorption of ions carrying tJhe 
same charge as the soL 

(3) The phenomenon of positive acclimatization has been ex- 
plained from the point of view that colloidal particles can adsorb ions 
carrying the same charge as the sol. It follows, therefore, that such 
sols as AsjSg, SbjS,, mastic, etc., which are known to adsorb nega- 
tive ions show this phenomenon more markedly than sols of Fe(OH)a 
Cr(OE)a etc., which hardly adsorb monovalent ions carrying the same 
charge as the sols. 

(4) Moreover, we have proved that when small quantities of 
electrolytes insufficient to coagulate the sols are added to them, the 
sols adsorb ions carrying the same charge as the sol and their 
stability is increased due to the increase in their charge and the 
viscosity is slightly decreased. 

Consequently we are of the opinion that the above four pheno- 
mena, — (a) abnormality of sols to follow the general dilution rulci 
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(ft) the abnormal behaviour of sols towards a mixture of electrolytes 
of Vijclely \arying precipitating powersj (c) the phenomenon of 
positive acclimatization and (d) the decrease of viscosity of sols on 
the addition of small quantities of electrolytes, are essentially 
connected and go hand in hand and are mainly due to the adsorption 
of ions carrying the same charge as the sol. We have observed 
that the above generalisation is applicable to sols of FeCOH), 
(negatively charged and positivtd 3 ^ charged), Cr(OH)j, (negatively 
charged and positively charged), AI(OH)s, MnO, (negative and 
positive), Sn(OH )4 (negativi* and positive), Prussian blue, uranium 
ferrocyaiiide, thorium hydroxide, mastic, gum dammar, As,S,, 
sulphur, gold, silver, etc. Moreover we have proved 

that when positively charged ferric hydroxide is coagulated by 
KCl, KmSO*, etc*., no abnormality is obtained, but when ' 

the above sol is coagulated by FeClj or AUNOg)*, the sol behaves 
abnormally towards dilution, towards a mixture of electrolytes, 
shows the phenomenon of positive acclimatization markedly and 
^shows decn^ase cd viscosity on the addition of small quantities of 
•FeClj (compare the measurements of Thomas and Frieden, J, Am, 
Chem, Si)c,j 4S, 2522, on the viscosity of Fe(OH)j sol in 

presence of FeCl^) ; because Fe**' or Al *' ions are adsorbed by a 
positively charged sol of Fe(OH) 5 . 

l^xperimeiital results on the viscosity measurements of colloids, 
specially •of tlie hydrophobe type, are in support of the following 
assumptions : — 

•(I) Other things being equal, the uncharged substance is more 
hydrated than the sol. 

(2) The greater the hydration of a substance, the greater is its 
viscosity. 

(a) When a sol adsorbs an ion carrying the same charge as the 
sol due to chemical affinity and thus the charge on the sol is 
increased, we always observe a deerSase in the viscosity of the sol. 

(4) When the sol adsorbs more of the ion carrying the opposite 
charge than the ion carrying the same charge, the charge on the sol 
is decreased and more of hydration will take place and the viscosity 
will be increased (compare Dhar, J. Chem. Soc,, 1925, 129, 1556; 
Zeit. Elcktrochem., 1925, 31, 261; Chakravarti and Dhar, Zeit. 
anorg. Chem., 1926, 152, 893). 

Oui* experimental results on the viscosity of various sols in 
presence of small quantities of electrolytes are in opposition 
^o tlte view that the sol is more hydrated than* the coagulate^ 
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mass and that greater the charge da a parttole« the greater 
the hydration. •• 

Adsorption of Sols by their own Precipitates. 

We have mode quantitative experiments on<.the adsorption of 
sols by their own freshly obtained precipitates, free from ail 
electrolytes. We have observed that many sols are copiously 
adsorbed by the solid precipitates of the same substances. 

(a) Adsorption of a sol of silver chromate by freshly precipitated 
silver chromate. 

A sol of silver chromate was prepared by adding a dilute solution 
of silver nitrate to an equivalent amount of potassium chromate 
containing gelatine. 

Solid silver chromate was obtained by the interaction of silver 
nitrate and potassium chromate and was thoroughly washed free from 
electrolytes. The solid silver chromate was suspended in water 
and known amounts were taken out by means of a pipette after 
thoroughly shaking the water containing the precipitate. One typical 
experimental result is given below ; — 

Weight of Ag.CrO* in 10 c.c. water containing Ag,CrO*=:l'4C80 g. 
Weight of Ag.CrO* in 25 c.c. sol =0*0141 g. 


Concentration of gelatine in the sol 

=0*25/b 

weight 

% 

Percentage of 
adsorption. 

20 

82*3 

52 

43*1 

78 

56*1 

104 

66*5 

150 

73*0 

208 

81*7 

312 

90*6 


Similar experiments were carried on the adsorption of a sol of 
PbCrO« by a precipitate of lead chromate. The sol of lead chromate 
was obtained by the action of lead acetate on potassium chromate 
containing agar. 

Concentration of agar in the sol =0*238^ 

Weight of 'lead chromate in 10 c.c of , 

water containing FbOrO, =0*7058 g. 
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Weight of PbCrO^ per litre of sol:=0*309tJ g. 


peioipitate . . . ^ 

« by weight 

Percentage ( 
adaorption, 

22-8 

63*4 

30-4 

• 

71*0 

450 

73*0 

00-8 

74*1 

68-4 

85*0 

91-2 

87*0 

182*4 

89*0 


The foregoing experimental results prove that sols of silver 
chromate, lead chromate, etc., are markedly adsorbed by their solid 
precipitates. Similarly we have found out that sols of Fe(OH)j^, 
Ni(OH)a^ Co(OH),, HgO. ZnS, As^Ss, etc., are adsorbed by their 
solid precipitates. 

On the other hand, sols of Sb^S.,, CdS, Ag,S, *JnOa etc., are not 

• adsorbed l>y their respective solids. 

* Basing on these experiments we have advanced a theory of the 
formation of Idesegang rings (J. Phtjs. ('Item., J924, 28> 41; KolL 
Zeit,. 1924, 35, 270; 1920, 37, 2, 89), The basic idea of our theory is 
that liiesegang rings are formed by the coagulation of a peptised sol 
and that the coagulated mass in the course of its coagulation and 
w'hen ccfagulated adsorbs and coagulates completely or partially the 
sol of the same substance from the neighbouring layers. 

• IJ the precipitate is unable to adsorb and coagulate the sol, there 
would not be any clear space, but bands consisting of alternate 
layers of different colours will foriii. 

We have proved that there are two distinct classes of Liesegsng 
rings. In one class, two consecutive rings are separated by clear 
spaces, whilst in the other case, the rings consist of a layer of 
coagulated sol followed by a layer of the peptised substance. 

The theory advanced by us takes into consideration the inducnce 
of the gel and assumes that the sparingly soluble substance, 
silver chromate formed by diffusing silver nitrate into potassium 
^chromate in gelatine gel, is at first in the colloidal condition due to 
the peptising influence of the gel. Owing to the Ugh concentration 
of the diffusing electrolyte at the beginning, the quantity of the 
3 {)ari]^ly soluble substance formed is much in excess to that which 
•the gol can hold in suspension and thus it coagulates, this process 
being further facilitated by the other product of the chemical change 
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{e.g., KNO, in this case). The advancing layers of the diffusing 
electrolyte {c.g., AgNO,) meet fresh quantity of potassium chromate 
and produce silver chromate at first in the colloidal condition. 'J'his 
sol of silver chromate is gradually adsorbed and coagulated by the 
solid silver chromate already formed. In this way, a layer next to 
the solid becomes free from silver chromate sol vdiich removes along 
with it the chromate ions used in its production. The diffusing 
silver nitrate passes through this layer, which is practically free from 
chromate ions and comes in contact with another layer of potassium 
chromate and at first it forms a laver of colloidal silver chromate, 

r 

which can no longer be adsorbed and coagulated by the solid silver 
chromate already formed, as the limit of adsorption has been already 
reached and this new laver is formed a little too far from the solid 
silver chromate for the possibility of its being adsorbed by the solid 
silver chromate. Now the silver nitrate is continually diffusing and 
gradually the concentration of the silver chromate sol increases and 
finally the limit to which the gel can hold the silver chromate in 
suspension is reacted and the silver chromate becomes coagulated. 
The process repeats itself and we get a series of rings separated 
by clear spaces practically free from the sparingly soluble 
substance. 

We have proved that a stable yellow negatively charged sol of 
silver chromate is formed in gelatine by the preferential iidsorption 
of chromate ions, whilst a red unstable sol of positively charged silver 
chromate is formed by the adsorption of silver ions. 

Moreover, our theory is capable of predicting that those freshly 
obtained precipitates, which are capable of adsorbing their respective 
sols will form Liesegang rings of the first type in which two conse- 
cutive rings will be separated by a clear space, whilst substances 
which cannot adsorb their respective sols should give Liiesegang 
rings of the second type, which consists of alternate layers of differ- 
ent colours. Experimental results show that AgtCrO^, PbCrO«, 
Fe(OH)a etc., which can adsorb their respective sols form Liesegang 
tings of the first typo, whilst SbaB,, CdS, MnO, etc., which cannot 
adsorb their own sols, form Liesegang rings of the second type in 
which there are no clear spaces. 

We have been able to prove from experiments that our theory 
stands on a better footing than the theories of Wilhelm Ostwald 
(Zeif. physikal Chem., 1897, 28, 865) Bradford {Biojchcm. J., 1916, 
10. 169; 1917, li, 157) and Wolfgang Ostwald {Roll. Zeit., 1925, 36. 
880). 
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Summary and Conclusion * 

(f) Jilxperknenty on the adsorption of ions by sols of Hg8, Sb^S,, 
Al(OH)#* Fe(OH)*, VgO^, MnO, etc., show that the greater the 
valency of an ioni the less is the amount of adsorption. There is no 
experimental support for the assumption that the greater the valency 
and hence the coagulating power of an ion, the greater is its 
adsorption. 

(2) The phenomenon of adsorption is most marked \\ hen there is 

chemical affinity between the adsorbent and the substance which is 
being adsorbed. ^ 

(3) Experimental results show that sols are capable of adsorbing 
ions carrying the same charge as the sol. 

(4) The abnormality of sols to follow the general dilution rule, 
the abnormal behaviour of sols towards a mixture of electrolytes, 
the phenomenon of positive acclimatization and the decrease of 
viscosity of sols on the addition of small quantities of electrolytes, 
are essentially connected and are mainly due to the adsorption of 
ipns carrying the same charge as the sol. 

• (5) Experiments on viscosity of sols in i>resence of electrolytes 
show that other things being identical, an increase in the charge 
of the sol produces a decrease in the viscosity and hydration 
of the sol. 

(6*5 Sols of silver chromate, lead chromate, ferric hydroxide, etc^, 
are copiovrsly adsorbed by their respective solids. On the other hand, 
sols of antimony sulphide, cadmium sulphide, manganese dioxide 
etc.^ are not adsorbed by their solid substances. Basing on these 
observations, a theory of the formation of Liesegang rings in which 
a layer of precipitate is followed by a clear space, has been 
advanced. 


Chemical Lauohaioby, 
Allahabad Univeusitv. 


Received December 24 , 1926 . 




Action of Hydrazides. Part I. Synthesis of Triazines 
from Aminoguanidine and Diketones, 


By Satish Chan DBA Db. 

Semicarbazide reacts with most diketones so as to field semi- 
carbazones (Bromberg, Bcr., J807, 30 . 182; Thiele and Barlow, 
Annalen, 1898, 802 , B28; Schmidt and Sauer, Bcr., 1911, U, 276, 
B250). With beuzil, however, it forms a triazine derivative 
(Thiele and Stungcr, Annalen, 1894, 283 , 20). 

In a study of the reaction between amiuoguanidine and a-dike- 
tones, Thiele and Bihan (Annalen, 1898, 302 , 307} found that the 
ahptiatic a-diketones yield osazones, whilst benzil yields a derivative 
,at triazine, thus : — 


Ph. CO 
I + 

Ph-CO 


NH 


I 

HHfC-.HH 


Ph - C 
I 

Ph • c 


II 

^C NH. 


The author has studied further the r»*action between aminoguaui- 
dine and aromatic diketones, and as a result derivatives of triazine 
have been obtained. 

The behaviour of somicarbazide towards diketones is thus 
different from that of aminoguunidine. 'J'hc most reasonable ex- 
planation for the tendency of nmino|uanidine to form a ring system 
is, perhaps, its stronger basic character. In semicarbazide, NH,. 
NH. CO. NH,, which is the amide of bydrazoearbonic acid,NHa. 
NH. COOH, the amino part of the group (— CO.NH,) is acidic in ‘ 
its nature. When the hydrazine residue combines with a ketonic 
gr&up in a diketone so us to form a semicarbazonc, the acidity of the 
amino group is enhanced, and this group is preventdi^ frona reacting 
with the remaining ketonic group, which also is acidic in nature. 
It wouldT seem tha^ a triazine might be formed, but it is not, by the 
eljpaination of a molecule of water from the 8emicarbazone» The 
triazine is formed, however, from the semicarbazone monoxime in 
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which the acidity of the —CO group has been reduced by conversion 
into — C : NOH. 

-C = N — NH -C:NNH -C = N - NH 

, . , . ■ I 1 

— C |0 H, ;N CO — C : N'CO —C = NOH H, N CO 


Aminogunnidine differs from semicarbazide in having nn imino 
group in ^lace of the oxygen atom of the — CO group. Owing to 
the imino group, the amino group in the amidine residue, H,N— 
C=NH, is basic, accordingly a hydrazone, formed by the con- 
densation of aminoguanidine with a diketono, can part with a mole- 
cule of water and yield a triazine. 

Thiele and Bihan (loc. cit.) have described a hydrazone derived 
from jS-naphthoquinone and aminoguanidine, which with alkali gives 
^•naphthol and a compound, CuHjNjO. 


OD- 


NH C (;fiM )• NH, 


= /8-Naphthol + C,,H,N,0 


On repeating their process the author has not found it possible to 
isolate the hydrazone. Thiele has not given the constitution or the 
compound, CiiHyNgO. From the behaviour of diphenylaminotria- 
zine, phenanthro-aminotriazine and naphtho-nininotriazine it appears 
to the present author that under the influence of alkali a portion of 
the hydrazone decomposes giving )8-naphthol, while another portion 
loses a molecule of water forming a naphtho-aminotriazine, the 
amino group of which is then replaced by a hydroxyl group forming a 
naphthohydroxytriazine. This view finds experimental support in 
that naphtho-aminotriazine has been prepared and converted into 
the above naphthohydroxytriazine. 

The colour of the triazines obtained from aminoguanidine with 
benzil, phenantnraquinone, acenaphthenequinone and isatin is yellow 
and that with /8-naphthoquinone red. Contrary to expectation 
the colour of the triazines in the phcnanthraquinoi^e series could not 
be deepened by introducing bromine or the nitro group. The colour 
of the triazines is diminished by acetylation. 
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Experimental. 

5 : 6-Acenaphtho-B-aminoiriazine. 



To acenaphthenequinone in hoi acetic acid solution, was added 
the requisite quantity of aminoguanidine hydrochloride and the 
mixture boiled for three hours. The aminotriazine was precipitated 
with ammonia as a yellowish brown flocculent precipitate which after 
crystallisation from pyridine was obtained in deep yellow shining 
plates, m. p. above 805°. It is insoluble in water, benzene, ether 
and alcohol. (Found :N, 25'03. C,,HbN* requires N, 25‘46per cent.). 

The acetyl derivative crystallised from alcohol in feebly yellow 
needles, m.p. 268°. (Found :N, 21'G1. C,,H,oON. requires N, 21'37 
per cent.). 

5 : (i-Naphiho-B-aminotriazine . 



/3-Naphthoquinone and aminoguanidine hydrochloride in acetic 
acid solution were heated for four hours after which the triazine 
was psecipitated with ammonia as a red amorphous powder. This 
was collected and crystallised from pyridine in reddish yellow 
microscopic needles, m. p. 240°. It Ts insoluble in water, benzene, 
and ether; very slightly soluble in alcohol. (Found :N, 28*80. 
Cj.HhN* requires N, 28’r)7 percent.). 

The acetyl derivative was obtained as a dirty white precipitate, 
m.p. 208°, insoluble in ordinary organic solvents. (Found :N, 23*82. 
Gi.HjoON* requires N, 23*53 per cent.). 

5 :6-Naphtho-B-hydroxytriazine. 

^ • 

' .It was obtained from aminonaphthotriazine with strong potassium 
hydroxide solution. As the triazine decomposed it gradually went 

24 . 
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into solution and after several hours’ heating, a small quantity of 
a yellow precipitate separated which, however, dissolved . in the 
alkaline solution on dilution with water. From this solution the 
free base was precipitated with acid as a yellow powder which 
crystallised from alcohol in yellow micro-crystalline powder. It 
dissolves in alcohol with a red colour and green fluorescence. It is 
insoluble in benzene, chloroform and ether; soluble in alcohol and 
and acetic acid. (Found :N, 21*45. 0,xH,ONs requires N, 21*32 
per cent.). Thiele and Barlow (loc. cit.) probably obtained this com- 
pound by ^heating /S-naphthoquinone aminoguanidine with a con- 
centrated aqueous solution of alkali and the pronounced acid 
character of the substance, noticed by them, is due to the presence 
of a phenolic group in the molecule. 


5 : (S-Jaafo-S-aminotiiazinc. 

WH 


Molecular quantities of isatin and ^aminoguanidine hydrochloride 
»vere heated in acetic acid solution. At first the solution was red 
and as the reaction proceeded it assumed an orange colour and after 
a few minutes long needles of the hydrochloride of amino-isato-' 
triazine began to separate. After an hour the mixture was, allowed 
to cool when a further quantity of crystals was deposited. The 
hydrochloride was dissolved in water and the triazine precipitated 
with ammonia as yellow needles. Crystallised from alcohol in 
yellow needles it turned brown at 200'’ and did not melt at 296°. 
(Found :N, 37*99. C,H,N, requires N, 37*84 per cent.). 

The acetyl derivative separated from alcohol in light yellow 
microscopic crystals, m.p. 200°. (Found :N, 25*85. C , jHj ,OjNj 
requires N, 26*02 per cent.). 


^ C : 6-Broinophenanthro-3-am inntriasiine . 

It was obtained from 2-bromophenanthraquinone aivl amino- 
guanidine hydrochloride in acetic acid solution; precipitating with 
ammdhia. Crystallised from alcohol it was obtained in/*eddish 
yellow needles, m.p. 235°. It is insoluble in benzene and chloroform; 
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soluble in acetic acid and pyridine. (Found: A, 17 •59. C,,H,N*Br 
reqtflres N, 1^‘28 per cent.). 

The UccUjl derivative was purified by crystallisation from pyridine 
from which it separated in light yellow microscopic crystals, m.p. 
278". (Found :N, 15*48. CitH, jON^Br requires N, 15‘26 percent.). 

5 iQ-Dibroniophefianthro-S-aininotriazine, prepared from 4:5-di- 
bromophenanthraquinone and aminoguanidine hydrochloride as des- 
cribed before, crystallised from pyridine in greenish yellow plates 
which did not melt at 805“. It is insoluble in alcohol, benzene and 
chloroform; very sparingly soluble in acetic acid. (FounjJ:N, 14'13. 
CijHsN^Br, requires X, 13'86 percent.). , 

The acetyl derivative crystallised from nitrobenzene in light 
yellow rectangles not melting at 310'’. It is insoluble in alcohol, 
benzene, acetic acid and pyridine. (Found :X, 12'68. C,,H,nON*Br, 
requires X, 12', 56 per cent.). 

i):^-Dibrumv-phenanlhrO‘‘d-aniinofriazine.-^lt was prepared from 
2 : 7-dibromophenanthraquinoue and aminoguanidine hydrochloride 
iy methods already described. The precipitate that separated was 
collected and crystallised from pyridine when it formed orange 
coloured rectangles, m.p. 288°. Tt is insoluble in alcohol, benzene 
and chloroform ; very slightly soluble in acetic acid but readily in 
hot Pyridine. (Found :N, 14 08. C, ,Hs,X*Br, requires N, 13*86 
per cent.V * 

5 : &-Xiirophc7utnthro-ii~a tuinotriazinc . — 2-Xitrophenanthraquinone 
and aminoguanidine hydrochloride were heated in acetic acid solu- 
tion as before and the triazine was precipitated with ammonia. This 
was collected and crystallised from pyridine yellow needles with a 
greenish tinge, m.p. 280 '. It is insoluble in alcohol, chloroform and 
benzfine and almost insoluble in acetic acid. (Found :N, 24*37. 
CjgHoO.Ng requires X, 24 ‘05 per cent.). 

The acetyl derivative crystalliseS from pyridine in light yellow 
needles which turned brown at 280° and melted at 208°. (Found :N, 
21*30. C,,H,,OgNB requires N, 21*02 percent.). • 

5iCi~NUrophenanthro-B-atuinotriazine,-—It was prepared from 4- 
hitrophenantbraquinone and aminoguanidine hydrochloride. The 
acid solution was diluted with water and the basfi^was precipitated 
with alkali as a yellow crystalline mass. This was obtained pure 
from acetic acid {rom which it separated in yellow needles, m. p. 215°. 

iFound :N, 24*31. Cj,H,0,Nb requires N, 24*05 per cent.)* 

• • 
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The acetyl derivative crystallised from acetic acid in light yellow 
rectangles or needles, m.p. 270°. (Found :N, 21'25. Gi^Hil OgN* 
requires N, 21*02 per cent.). * 

o:6~Dinitrophenan-throS-aminotriaeine. ■ -It was prepared from 
2 : 7-dinitrophenanthraquinone and aminoguanidine hydrochloride 
in presence of acetic acid. The base precipitated with alkali was 
purified from nitrobenzene from which it crystallised in needles of 
brown colour which did not melt at 310°. It is insoluble in alcohol 
benzene and chloroform; very slightly soluble in pyridine. (Found: 
N, 2o‘2o. requires N, 25 0 per cent.). 

The acetyl derivative crystallised from pyridine in light yellow 
needles which did not melt at 310'. (Found :N, 22'4G. Cj^HjoCgNe 
requires N, 22*22 per cent.). 

5i6-Dinitrophenitnthro-<i-amiHotriazine.-—lt was obtained from 
4 :5-dinitrophenanthraquinone and uminoguanidiue hydrochloride in 
acetic acid solution. The dirty yellow precipitate was purified by 
crystallisation from pyridine in greenish yellow needles, m.p. 20, V . 
It is insoluble in benzene, chloroform, alcohol and acetic acid; 
soluble in pyridine and nitrobenzene. (Found :N, 25’38. C , ,Hg 04 N*g 
requires N, 25*00 per cent.). 

The acetyl derivative crystallised from pyridine in straw yellow 
rectangles, m.p. 275°. (Found :N, 22*28. CuHjoOgNg requires N, 
22*22 per cent.). 

I avail myself of this opportunity of expressing my thanks and 
gratitude to Prof. J. C. Ghosh and Dr. P. C. Ouha for their kind 
interest and encouragement during the course of the investigation. 


Chbuicai. Labobatobt, 
Umiybbsity ov Dacca. 


deceived May 17, 1936. 



6-Hydroxyqiiinolyl-5-/3-acrylic Acids (as> and trms-) 
«nd their DeriYatives. 


Bv Biman Bihahi Dey and Tiruvenkata Rajendra Seshadui. 

Quinolino-6 : 5-a-pyronc8 (J. Indian Chcm, Soc., 1926, ^ 187; also 
J. Chcm. Soc., 1919, 118. 531). when freshly precipitated from .an 
acid solution, dissolve in a dilute solution of alkali to a considerable 
extent in the cold, but when recrystallised are insoluble except on 
heating. The difference is explained by the fact that a freshly pre- 
pared quinolino-pyrone is accompanied by the acid that is formed by 
the rupture of the pyrone ring : the acid, howc^ver, is unstable and 
changes into Ihc quinolino-pyrone on treatment with a hot solvent. 

, These acids have now bcou isolated in the pure condition in the 
■ form of pale yellow’ crystalline powders. They rapidly lose water 
and form pyrones even at the laboratory temperature : their silver 
salts can be preserved unchanged for a longer time if kept in desic- 
cators of non-nctinic glass. They should obviously be regarded as 
c/»-6-hydroxyquinolyl-5-;9-acryIic acids. The relation between tbfi 
quinolino-pyrone and the acrylic acid is showm below; — 


N 


0 




N 



COjtH 
CH = C 


I 

H 


The ois-isomers being too unstable to work with, attention was 
directed to the preparation of the trans-isomers by the methods 
generally employed for converting coumarins into coumaric or* 
trans-hydroxycinnamic acids, i.c., by heating with concentrated 
aAiali or sodium ethoxide in alcoholic solution for several hours, or 
by fusion with potash at 250° — 300° for a shorten tim^ These 
methods, however, did not lead to the desired result, only the un- 
chaijged pyrones Jbeing obtained at the end of the operation. Cou- 
mariq itself yields, under the same conditions, first coumdric and 
subsequently salicylic acid. 
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The basic quinoline ring appears, therefore, to confer stability on 
the pyrone nucleus. Similar observations have been recorded in’^the 
case of some amino-coumarins (Pechmann, Ber., 1899, 32 ', 3684) 
and nitro-coumarins (Dey and Eow, J. Chem. Soc., 1924, 126 , 555) 
which are unaffected by boiling alkalis or sodium alcoholates, whilst 
8-nitro-coumarin provides one of the few instances of a coumarin 
yielding a stable coumarinic acid. These examples seem to point to 
the existence of a remarkable influence of either acidic or basic 
groups in stabilizing the coumarinic, i.e., the cia-phnse, so that the 
ordinary methods are of no avail in converting them into the corres- 
ponding coumaric or /ran«-acids. 

The new method recently developed in this laboratory (c/. Dey 
and Row, J. Chem. Soc., 1924, 125 , 554) was therefore tried, and 
it was found that on boiling the quinolino-pyrones successively with 
sodium sulphite and concentrated alkali solutions, they were com- 
pletely converted into the salts of the frans-acids. The change is 
represented as taking place in the following way : — 



The fra»i«-hydroxyquinolyl acrylic acids are stable substances, 
soluble both in acids and alkalis, but dissolving with great difficulty in 
the ordinary organic solvents. They are quantitatively transfprined 
into the quinolino-pyrones on warming with concentrated sulphuric 
acid on the water-bath, and they decompose vigorously at their 
melting points into carbon dioxide and the corresponding hydroxy- 
quinolyl-ethylenes. These reactions, which are parallel to the 
changes undergone by coumaric, acid itself under the same condi- 
tions, as well as their mode of preparation, furnish definite evidence 
of the frana-structure of the acids. The curious observation, how- 
ever, was made that the ethyl esters of the frans-acids possess the 
remarkable property, verified in several cases in the course of these 
investigations, o,f eliminating alcohol when heated above their melt- 
ing pointo and 'passing into tht; quinolino-pyrones. 

The acids and their esters, therefore, behave differently when 
heated, the former like other f rans-ficids of this series losing carbon 
dioxide' and pasamg into styrene derivatives, whilst the latter split cff 
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ethyl aloohol and form quinolino-pyrones, as if they had the ct«- 
con^guratioi^ The presumption that the acids had undergone a 
change in configuration during the process of esterification seems to 
be untenable, because the esters, on keeping in contact with cold 
alcoholic potash, were found to be hydrolysed to the original trans- 
acids. The various changes are shown in the scheme given below ; — 


O 



• There are many cases on record in which the elimination of atoms 
or groups takes place very readily from the trans-position; thus, the 
/rans-forms of y3-chlorocrotonic acid, bromo-stilbene and bromo- 
butylene lose halogen acid with ease, although the corresponding 
f.-/s-derivatives do not (rf. Frankland, J. Cheni. Soc., 1912. 101 , 
681). 

The hydroxj’quinolyl ethylenes are colourless solids, melting at 
high temperatures; they readily dissolve in dilute caustic soda and 
in dilute hj drochloric acid to form colourless solutions which soon 
deposit the sparingly soluble sodium salt or the hydrochloride. 
Neutral ferric chloride develops a fine pink colour, indicating the 
presehco of a phenolic group. 

Experimental. 

Action of Alkali on Quinolino-pyrones. 
cia-G- Hydroxyq tiinolyl-o-fi-acrylic Acid. 

General Method. 

m 

JThc quinolino>-pyronc (2 g.) was dissolved in boiling 10 per cent. 
pota|sium hydroxide (20 o.c.) and the yellow solution c^led in 
ice and carefully neutralised with N-hydrochloric acid, when the 
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cis-hydroxyquinolyl aorylio acid mixed with some unchanged pyrone 
was precipitated. The latter was eliminated by treating the pro* 
duct with cold dilute sodium carbonate and neutralising the' rapidly 
filtered solution. On repeating this operation twice, the cts-aoid 
was obtained as a yellow micro-crystalline powder, completely 
soluble in cold dilute sodium carbonate with aMeep yellow colour. 
The acid could not be preserved unchanged for more than a few 
hours at the ordinary temperature, and after leaving for a day most 
of it was found to be insoluble in sodium carbonate having changed 
into the pj^rone. The same ring closure also occurred on attempt- 
ing to crystallise the acid from low boiling solvents like acetone, 
chloroform or methyl alcohol. 

The di-silver salt was obtained by the action of silver nitrate 
on an aqueous solution of the potassium salt. The latter was pro- 
duced by dissolving a weighed quantity of the quinolino-pyrone in 
a known excess of dilute potash (over 2 molecules) and subsequent- 
ly removing the excess by the addition of the calculated quantity 
of dilute nitric acid. It separates as a deep yellow, flocculen.*^^ 
precipitate and when kept dry slowly turned grey on standing; ii 
regenerated the original quinolino-pyrone, when treated with dilute 
nitric acid or sulphuretted hydrogen. 


ciB-Q-Hydroxyquinolyl-5-^-acrylic Acid. 

It was obtained from quinolino-6 : 5-a-pyrone as a light yojlow 
powder. It underwent rapid decomposition at about 130' and 
changed into the original pyrone melting at 231 -232 \ The silver 
salt was analysed. (Found; Ag, .50-2. Ci.HjOgNAg, requires 
Ag, 50'4 per cent.). 

ois-2-M ethyl-G-hydroxyqninolyl-5-fi-acrylic acid was produced 
from 2-methylquinolino-6 : 5-a-pyrone. It decomposed rapidly at 
about 175° and the product of decomposition was identified with 
.the original pyrone. The silver salt was analysed. (Found : Ag, 
49-0. CiaH,OsNAg, requires Ag, 48 • 7 per cent.), 

oiB-8-Methyl-Q-hydroxyquinolyl-5-fi-acryIic acid, the product 
of hydrolysis of 3-methylquinolino-6; 5-a-pyrone, is a bright yellow 
powder decomposing rapidly at about 120°. The orange coloured 
silver salt was analysed. (Found; Ag, 48 • 3. Ci,H»0,NAg, requir- 
es Ag, 48*7 per cent.). * 
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A8ti^ of podium Sulphite and Alkali on Quinolino-pyronet. 

• tra,nf^-H tjdroxyquinolyl acrylic Acidn. 

These acids wore obtained by the action of sodium sulphite and 
strong potassium hydroxide solution used successively. The follow- 
ing was the general procedure : — The quinolino-pyrone (4 g.) was 
treated with an aqueous solution of sodium sulphite (4 g. in 12 c.c. 
of water) and boiled until the solution gave no precipitate on 
neutralisation. This usually took about half an hour after which 
potassium hydroxide (;> g.) was added and the boiling conttnued for 
nearly an hour. On cooling the solution, crystals of the sodiuih 
salt of the fmw/»-aerylic acid were slowly deposited. These were 
dissolved in water and the filtered solution carefully neutralised, 
when the free acid was obtained as a pale yellow flocculent precipi- 
tate which was collected and washed . It was found to be insoluble 
in all the common neutral solvents and was thdl^efore purified by 
dissolving in dilute sodium carbonate solution in the cold and, after 
filtration, reprecipitating with dilute acids. It was boiled with ab- 
solute alcohol which removed the last traces of impurities and left 
the acid as a fine powder, 

tranH-fi-Hydroa*yquinolyl-i^-l3-acrylic acid prepared as above 
from qninolino-0 : 5-a-pyrone is a white powder, m.p. 220° (decomp). 
(Found : N^6-7. requires N, G-5 per cent.). * 

The acid dissolved readily in cold dilute hydrochloric acid and 
caustj^ soda yielding non-fluorcscent yellow solutions from which 
on consentration the hydrochloride and the sodium salt separated 
as colourless and light yellow crystals respectively. It forms a 
bright yellow silver salt, a green copper salt, a buff coloured ferric 
salt, a^ yellow nickel salt and a brown lead salt. The silver salt 
was obtained by the method already given. It was filtered, wash- 
ed thoroughly with water and then with alcohol, dried on a porous 
tile in a vacuum desiccator and analysed. (Found: Ag, 50*1. 
Cj.HyOjNAga requires Ag, 50*4 percent.). 


* Conversion of Q-Hydroxyquinolyl-o-fi-acrylic Acid into Quino- 

m 

lino’pyrone. 

The adid (0*5 g.) was treated with concentrated sulphuric acid 
(5 0 . 0 .^ and the solution heated in a boiling water-bath for an ^our. 
It was then poured into oold water i flltei*ed and the *clear solution 



194 


B. B. DBY AND T. R. SESHADBI 


treated with a slight excess of ammonia when quinolino-6 : 5-a-pyrone 
crystallised as fine, colourless needles, m. p. 232^*. 


Ethyl txa,ns-Q-HydTOxyquinolyl-5-p-acrylate. 

The acid was made into a thin paste with absolute alcohol. 
When dry hydrogen chloride gas was passed into the mixture, a 
clear solution was obtained which was boiled under reflux for 3 
hours and cooled : colourless needles of the sparingly soluble ester 
hydrochloride were formed. The whole was poured into water and 
the acid was neutralised by sodium bicarbonate. The precipitated 
ester, when crystallised from dilute alcohol, appeared as tufts of 
eolourless needles, m. p. 198-199° (with vigorous decomposition). 
(Found: N, 5*7. Cj^HjgOsN requires N, 5-8 per cent.). 

The solid product of decomposition melted at 230-231°; it was 
extracted with a little boiling alcohol and the crystallised product 
was identified witl/quinolino-6 : 5-a-pyrone by a mixed melting point 
determination . 

# 

In order to identify the other products of decomposition, t^e 
ester (4 g.) was distilled in a test tube immersed in an oil-bath 
kept at 200°, and the volatile product which was absorbed in a 
little cold water was identified as ethyl alcohol by the iodoform 
test. ' 

Methyl traaa’6~HydToxyquinolyl-5-P-acrylate was obtained by 
saturating a methyl alcoholic solution of the hydroxyquinolyl-acrylic 
acid with hydrogen chloride. Crystallisation from 50 per rcent. 
alcohol gave colourless needles, m. p. 202° (decomp.). (Foilnd : N, 
6*1. 0,sH,iOjN requires N, 6*1 per oent.). 

The solid product of decomposition hod m. p. 232°. 


Decomposition of tta,nB-Q-Hydroxyquinolyl-5-fi~acrylic Asid 
into G-Hydroxyquinolyl-5-P-ethylene. 

• The trans-acid (2 g.) was heated in a 50 c.c. distilling flask in 
an oil-bath under a pressure of 40 mm. The decomposition com- 
menced at 170° and became fairly energetic at 190-200 ' ; the acid 
slowly turned grey and colourless glistening needles sublimed. The 
tempera»cure o'f the bath was finally raised to 225° when the whole 
mass quietly melted to a light brown liquid. The complete opera- 
tion l^ted about 2 hours, at the end of which the product was 
cooled, washed with little alcohol and crystallised from a mixture 
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of pyridine and alcohol with the addition of a little animal charcoal 
to renfove coloyr. Colourlesa prisms were obtained ; m.p. 250-257“, 
the yield being 60 percent, of the theory. (Found : N. 8-4. 
requires N, 8'2 percent.). 

The compound imparts a pink colour to ferric chloride solution; 
it is insoluble in a aqueous sodium carbonate or ammonia, but 
dissolves readily in aqueous sodium hydroxide yielding an almost 
colourless solution from which the sparingly soluble sodium salt 
quickly separates. It dissolves in dilute acids to form light green 
solutions. The sulphate is freely soluble whereas the hydrochloride 
and the nitrate are sparingly soluble and crystallise as shining colour- 
less pistes. Flatinic chloride, mercuric chloride and potassium 
dichromate yield only amorphous precipitates. The pure dry hydro- 
chloride was analysed. (Found: Cl, 16’9. Ci^H,oONCi requires 
t!l, 17 '1 per cent.). 

trans-2-M cthyl-G-hydroj-yquinol yl-5-fi-acrylic Acid. 

• This was prepared from 2-methyl-quinolino-6 ;5-a-pyrone by 
successive treatment with sodium sulphite and caustic potash. 
When purified by solution in sodium carbonate and repreeipitation 
and final boiling with alcohol, it forms a light yellow powder, m.p. 
193 (d#comp.). (Found: N, 6'3 CjiHjjXO., requires N, 6‘1 per 
cent.). • 

The salts of the acid and its behaviour with concentrated 
Sulphuric acid are similar to those of 6-hydroxy-quinolyl-5-acrylicacid. 
From* i^ solution in concentrated hydrochloric acid light yellow 
rhombic plates of the hydrochloride were obtained. The deep yellow 
silver salt was prepared by the method already given. (Found ; 
Ag, 48'9. C,,H,Oj,NAg, requires Ag, 48'7 per cent.). 

The ethyl ester of this acid, obtained in the usual way, crys- 
tallised from alcohol as colourless, shar^ needles, m.p. 146"^ (decomp.). 
(Found: N, 5'6. CjbHuOjN requires N, 5*5 per cent.). 

The product of decomposition when crystallised from alcohol, 
was identified with 2-methylquinolino-6 :5-a-pyrone, m.p. 219-220°. 

* * ‘2-M eihyl-(3-hydroxyquinoIyl-o-fi-rthylene ^ 

The decomposition of 2-methyl-6-hydroxyquinol\ 1-5-^-acrylic 
acid was Effected in the same way as before. There was perceptible 
decomposition even at 150®; the temperature was slowly raised to 
200® w^en the whole appeared as a light brown glassy mass. The 
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• ^ 

product was converted into the sparingly soluble hydrochloride and 
the crystals filtered and decomposed with ammonia. ^The freo base 
separated from boiling alcohol in small colourless prisms, m. p. 241* 
242°. (Found: N, 7 7. C,,H,,ON requires N, 7 6 per cent.). 

It resembles the parent substance in all its properties and forms 
a sparingly soluble sodium salt and a hydrochloride and nitrate 
which readily crystallise from moderately concentrated solutions. 
The hydrochloride was analysed. (Found: Cl, l.'i’Q. Ci,H,jON01 
requires Cl, 16*0 per cent.). 


tranB-8-Methyl-<i-hydroryquiuolyl-r>~/3-acryUc Acid. 

This was obtained in the usual manner from 8-methyl-quino- 
lino-6 :5-o-pyrone, and purified by conversion into the sparingly 
soluble hydrochloride which separated, even from dilute solutions, 
as colourless flat needles, m.p. 235“ (decomp.). The free acid was 
liberated by neutralising the hot aqueous solution of the hydrochlo- 
ride with ammonia. It crystallised from boiling alcohol, in which 
it dissolved rather sparingly, as yellow hexagonal plates, m.p. 1C.)'" 
(decomp.). (Found: N, 6‘2. requires N, C’l per cent.). 

The silver salt was obtained as a deep orange precipitate. (Found : 
Ag, 49'0. C,,HeO,NAg8 requires Ag, 48'7 per cent.). 

The ethyl ester crystallises from dilute alcohol as colourless 
needles melting at 165-166“ with loss of alcohol and the formation 
of 8-methyl-quinolino-6 : 5-a-pyrone. (Found: N, 5’4. C^jHi^OaN 
requires N, 5'5 per cent.). 

8-Methyl-Q-hydroxyquinol yl-o-fi-ethylene . 

The decomposition of 8-methyl-6-hydroxyquinolyl-5-iS-acrylic 
acid was effected under a pressure of <50-60 mm. between 170“ and 
205°. The grey coloured product was washed with cold alcohol in 
order to remove impurities and finally crystullised from pyridine when 
it appeared as colourless rectangular plates, m.p. 244-245°. (Found ; 
N, 7*8. Ci,H, ,ON requires N, 7’6 per cent.). The compound is 
sparingly soluble in ether, chloroform and benzene. It imparts a 
pink colour to ferric chloride solution and forms a sodium salt and 
a hydrochloride which arc sparingly soluble and crystalline. The 
hydrochloride was analysed. (Found: Cl, 16‘2. Ci,H,,ONCl 
requires Cl, 16’0 per cent.). 

PassiDSMOT CoubSOB, Mabeab. 


Bseeived October 18; 1936. 



The Nitration of Coumarin. 

By Biman Biuaki Dey and Pancoapakesa Krishnamurthi. 

During the nitration of coumarin, by the method described 
by Morgan (J. Ghent. Soe., 1904, 85 , 1233), there was obtained 
a yellowish, crystalline material which melted indefinitely from 
130° to 170°. Attempts were made to isolate a new nitro-derivative 
from this material but without success. Bepeated fractional 
crystallisation from acetic acid and other solvents led generally * 
to H product melting sharply at 140-141°. This is now found to 
be a mixture of 6-nitro-coumarin, and another mono-nitrocoumarin. 

Each of these nitrocoumarins dissolves in an alkaline solution 
with the formation of nitro-coumarinates. The free coumarinic 
acids differ in stability : that derived from 6-nitrocoumarin readily 
reverts to that substance whilst the other is stable in comparison. 

A separation was effected on this basis. 

On repeatedly dissolving the coumarinic acids in bicarbonate 
of »oda, and fractionally precipitating with dilute acid, an acid 
was obtained, which, on rapid heating, melted with sudden decom- 
position at 149°, and gave, on boiling with dilute hydrochloric acid, 
a^ nitro-coumarin melting sharply at 187°. On oxidation with 
perwiaugauaite in alkaline solution, it gave 3-nitro-BalicyIic acid 
(m.p. 126°) in good quantity, the product being thereby Identified 
with 8-nitro-coumarin (Miller and Kinkelin, Ber., 1889, 22 , 1701). 

^The direct nitration of coumarin was hitherto supposed to 
result in the formation of only the 6-nitro-derivative which, on 
protracted treatment with nitric a«id, yielded the 3 :6-dinitro- and 
finally the 3 ;6 ;8-trinitro-couinarin. It is now proved that 8-nitro- 
coumarin, prepared previously by the indirect process from S-nitrp- 
salicylaldehyde, is also a product of the direct nitration of coumarin 
and forms approximately 7 per cent, of the total. 

The phenomenon of a mixture of two different substances melting 
sharply appearing to be extraordinary ; the nftlting* points of 
different mixtures of 6-nitro- and 8-nitro-ooumarin were observed. It 
was found thkt the mixture in equal aiUounts melted sharply 
*at 140-141° whilst other mixtures had melted indefinitely. 
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The product obtained from the residues, melting at 140-141° 
appears, therefore, to be an equimolecular mixture of the 6-nitio- 

I 

and S-nitro-coumarins. 


Experimental. 

8-Nitro-coumarin. 

Coumarin (20 g.) was nitrated in the usual way (Morgan, 
loe. cit.), the acetic acid filtrate thrown into water, and the preci 
pitate collected and washed (6 g.). It was then heated with two 
per cent, sodium hydroxide solution till the whole of it went into 
solution with a deep orange-red colour, and cooled to 30°. Very 
dilute hydrochloric acid was added until the solution was faintly 
acidic. The bulky yellow precipitate was allowed to stand for 
about 15 minutes and then collected. (The filtrate, after a short 
time, gave a quantity of needle-like crystals which were identified 
as those of 6-nitro-coumarin). The yellow precipitate was kept 
on porous tile for two hours, and then shaken up with water 
and excess of sodium bicarbonate. The mixture was filtered. A 
considerable amount of solid was obtained which proved to be 
6-nitro-coumarin. The filtrate was acidified, the coumarinic acids 
were separated and dried for two hours and dissolved again., in 
sod'um bicarbonate solution. This process of dissolution in 
bicarbonate and acidification was repeated (usually six times) until 
the filtrate from the coumarinic acid gave no crystals on standing 
even for a day. The yellow acid thus obtained when dried, 
melted with decomposition at 149° if the bath was rapidly heated, 
and dissolved completely in cold sodium bicarbonate solution even 
after leaving it on the porous tile for two days. On warming this 
acid with 4N-hydrochlorio acid, a nitro-coumarin, melting at l67°, 
was obtained. A mixture of this with 6-nitro-coumarin melted 
indefinitely at 139°-141°. 


Oxidation. 

The nitro-coumarin obtained above (0*5 g.) was dissolved in » 
2N-sodiura hydroxide (25 c.c.) cooled to 0°, and a 1 per cent, solution 
of permanganate slowly added. The mixture was finally heated 
on the water-bath for an hour, the solution filtered from the i>reci- 
pitated nqanganese dioxide, concentrated on the water-bath to 'a 
small bulk and abidified with strong hydrochloric acid. Colourless 
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needles (O S g.) separated, m.p. 125-126°, ’either alone, or mixed 
wfth S-nitrg-salicylio acid. 


Melting Point of a Mixture of d-Nitro- and B-Nitro-coumarin. 


The required, amounts of the two substances were weighed into 
an agate mortar, intimately mixed, and the melting point of each 
mixture w^as observed thrice. 


6*NitrocoumariD 
(in gm.) 

8-N itrocouniarin 
(in gm.) 

i 

Approximate^temperatures 
between which complete 
melting takes place? 

1 

0-26 

138'’- 175“ 


0*60 

IS9“-170“ 

1 

0-75 

139“~156“ 

1 

1-00 

140“- 141* 

1 

1*26 

13S“-160* 

1 

1-50 1 

139“- 160* 

[ 

1 

1*76 

CO 

1 

CO 

1 

2-00 

138“- 170“ 


PltESlDENOy COLLEOE, 

Maprab. 


Rec&ived October 13, 1926. 




Dy«s derived from Imidazoie-dicarboxylie Acid. " - 

By Jamuna Datt Tbwari a»d Sikuibhushan Dutt, 

The present ooraftnunioation is the second* of the series of 
researches that have been undertaken by the present authors in 
order to establish that the effect of a doubly linked nitrogen atom 
in a ring system contained in a dye molecule is not to lighten the 
colour as found by Q-hosh (J. Chem. Soc., 1919, 116 , U02), but 
on the contrary to intensify it in most instances. Quantitative 
measurements of absorption spectra of the various dyes containing 
doubly linked nitrogen in the ring which are being prepared in this 
laboratory, and which will be published collectively along with the 
last paper of the series, tend to show that the effect of a doubly 
linked nitrogen atom in the ring is to intensify the colour to a 
certain extent as compared with the corresponding substances 
centaining carbon in place of nitrogen. 

• * With the above object in view, imidazole-dicarboxylio acid has 
been condensed with various aromatic amino and hydroxy-com- 
pounds, and the corresponding dyestuffs obtained. The condensa- 
tions, as a rule, take place without the use of any condensing agents, 
but it has been found more suitable to use small quantities o^ 
strong sulphuric acid, or tin tetrachloride in most of the cases 
in order to get better yields of the products. The following 
subsftinces have been mode to condense with imidazole-dicarboxylic 
acid and the corresponding dyestuffs obtained : phenol, resorcinol, 
catechol, phloroglucinol, hydroxy-quinol, and m-phenylenediamine. 
In general properties these substances are quite similar to the 
corresponding phthaleins, but the intensity of colour is slightly 
greater, and in this respect they are ^more in accordance with the 
corresponding quinolineins (G-hosh, loc. cit.). 

Experimental. 

Phenol-iniidazofnaleein. 

CaH.N, 

>G(C.H*OH). 

CO O 

* Toe of these papere was published iu this Journal, 1926| 3» 161« 
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A mixture of imidazole-dicarboxylio acid (one mol.)> phenol (two 
mols. plus 20 per cent, excess) and tin tetrachloride (one mol! plus 
20 per cent, excess) was heated at 100-110° for about Id hours. 
The melt was then poured into water and the excess of phenol 
distilled off in steam. The residue, after filtration, was extracted 
with dilute ammonium hydroxide, and the •filtered ammoniacal 
extract acidified with hydrochloric acid. The precipitated 
crystalline mass was collected and recrystallised from dilute alcohol 
in colourless needles, melting at 282°. It dissolves in alkalis with 
a bright pink colour. (Found : N, 9’49. C,,H,,0*N, requires 

9’09 per cent.). 


Beaorcinol-imidazomaleein. 

C,H, (OH) 

1 >C< >0 

CO O C„H, (OH) 

A mixture of imidazole-dicarboxylic acid (one mol.), resorcinol 
(two mols.) and a few drops of concentrated sulphuric acid was 
heated at 150-160° for about three hours. The melt was then 
extracted with dilute sodium hydroxide and the filtered r>xtract 
^precipitated with hydrochloric acid. The precipitated dyestuff 
was then crystsdlised from a large volume of hot water in yellow 
needles. When heated the substance blackens at 280-285° and 
melts with decomposition at 267°. It dissolves in alkalis with an 
orange-red colour and a fine green fluorescence. (Found : N, 9'02. 
C,tH»oO»N, requires N, 8*69 per cent.). 


Phlorogluciriol-imidazomaleein. 

C,H.N. C,H. (OH), 

I >C< >o 

CO O C,H, (OH), 

The con<|e'nsation with phloroglucinol was effected exactly as 
in the above instance with the difference that the temperature 
was kept at 200° for about 4 hours. The isolatiqn and purification 
of the dyestuff were also done in the same manner. The substapee 
crystallises in orange-yellow needles and dissolves in alkalfs with 
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a blood-red colour but without any fluorescence ; m.p. above 290®. 
(Found*: N, 8#2. requires N, 7*91 per cent,). 


Hydroxyqtiinol-imidazomaleein, 

The condensation with hydroxy quinol was effected exactly as in 
the above two instances with the difference that the temperature 
was kept at 180-140^ for about two hours. The melt was extracted 
with alcohol and the alcoholic extract, after filtration, cautiously 
diluted with water, which caused the precipitation of the dyestuff 
in the form of brownish flocks. It could not be crystallised. It 
dissolves in alkalis with a bright pink colour and molts with decom- 
position at 258-260°. (Found: N, 8*1. requires 

N, 7*91 per cent.). 


CatechoUimidazomaleein. 

The condensation with catechol was effected exactly as in the 
case with phenol. The melt was then thoroughly ground and 
washed with water acidified with hydrochloric acid. The residue 
was then extracted with alcohol and the alcoholic extract, after« 
filtration, cautiously diluted with water which caused the precipita- 
tion of the dyestuff. It could not be crystallised. It dissolves 
in aftes^is with a transient green colour. (Found: N, 8*82. 
CjyHioOsN, requires N, 8*69 per cent.). 


m-Phenylenediamine-imid-azomaleein. 

m 

CsH.N, C«H. (NH.) 

1 >o< >NH 

CO O CeHa (NH.) 

• • A mixture of imidazole-dioarboxylic acid (one mol.) and 

m-pl enylenediamine hydrochloride (two mols. plus® 10 per cent, 
excess) was cautiously heated in a test tube in the naked flame 
until the^melt assumed a dark red colour. The melt was then 
allowed to cool and then finely povrdered. It was then extxi^cted 
with alAolute alcohol and the alcoholic extract very carefully diluted 
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with water which slowly deposited the dyestuff in fine brownish 
yellow needles. The substance dissolves in alcohol -with rv bright 
yellow colour and a green fluorescence. In dilute acids the colour of 
the solution is red without any fluorescence ; m.p. above 290**. 
(Found; N, 22*31. 0„Hj,0,N, requires N, 21*94 per cent.). 

Cbexioal Labobatobt, 

The Univebsitt, Allahabad. Beeeived January 24 . 1927 . 



Jute Seeds — Corchorus Capsular is. Part I. 


By Nirmal Kumar Sen. 

There are two varieties of the jute plant — Corchorus capsularis 
and Corchorus olitorius — the seeds of which can be difiEereniiated 
by their physical appearance. The former are larger in size and 
of a nut-brown colour, while the latter are of a blue-black colour. 
Corchorus capsularis seeds, procured from the Government J^ri- 
cultural Farm at Manipur, Dacca, were used in the present investi- 
gation. 

The seeds are found throughout Bengal. The present price of 
the seeds is about Bs. 20 per maund. According to Dymock, the 
seeds possess medicinal properties. In India the seeds, which 
have a bitter taste, are administered in doses of about 80 grains in 
^ases of fever and obstruction of the abdominal viscera. In spite 
^o£ these properties it appears that a thorough chemical study of 
the seeds has not yet been undertaken, though a beginning was 
made by Robert (Be r. Natur. Ges. Eosioch; Arch, Freundc Natur, 
Ges, Mechlenhurg t 1906, 'So 5 ; vide Chem, Zentr.t 1907 , I, 1273) 
and by Tsuno onaish , pr. Tierhvilhundc ^ 1895, 6 , 455) who seem 
to have isolated an impure, amorphous, bitter stuff, under the name 
of Corchorin, having strongly toxic proi)erties. None of the authors 
sedlns to have isolated the oil which is contained in the seed. The 
present author has therefore undertaken a chemical study of the 
seeds. 

As the seeds when subjected to a high pressure did not yield any 
oil bdt were converted into a stiff paste, the powdered seeds were 
exhaustively extracted with hot petroleum ether in a Soxhlet’s 
apparatus. The residue left after distilling off the petrol was a 
yellowish brown viscid oil which could not be distilled without de- 
composition and was free from any readily volatile matter. The* 
oil, which belongs to the class of fixed semi-drying oils, slowly sets 
a rubber-like elastic mass in contact with air, but out of contact 
with it, it can be preserved indefinitely. The oil free^ from the 
bitter taste of the seeds. 

After extractipn with petroleum ether, the seeds were extracted 
repeatedly with rectified spirit in a 6oxhlet*s apparatus. The seeds 
thus lost their bitter taste. On evaporation of the alcoholic extract 
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to a small volume and addition of acetone to the solutioni a yellow- 
ish white viscous mass was precipitated : it readily absoabs moisture 
and turns brown in the air. The substance thus obtained was 
crystallised from a mixture of glacial acetic acid and acetone as 
perfectly white crystals which are hygroscopic and readily soluble 
in water. It tastes somewhat sweet at first, but* a bitter after-taste 
is soon developed. It does not reduce Fehling’s solution, but on 
hydrolysis with dilute mineral acid reduces the solution quite readily 
even in the cold. In all its chemical properties it corresponds 
to a glucoeide. Besides glucose another substance, insoluble in 
wat/)r, is produced as a product of hydrolysis. 

The acetone-alcoholic mother-liquor, on evaporation, yielded 
another colourless substance which has an extremely bitter taste. 
It was not obtained in sufficient quantities for investigation but 
experiments with larger quantities are now in progress. It gives a 
bluish green colour with concentrated sulphuric acid and does not 
reduce Fehling’s solution. But on hydrolysis with mineral acids 
an insoluble product is obtained and a sugar which reduces Fehling’s • 
solution on heating. From these properties it seems probable that 
this substance is identical with that with which Kobert worked 
(ioc. cit.). 

Expebimektal. 

(u) Characttriatics of the Seeds. 

Moisture ... ... ... 7*1 per cent. 

Ash (aluminium, potassium and phosphoric 

acid were detected) ... ... 6*0 per cent. 

Volatile oil ... ... ... traces. 

Fixed oil (extracted with petroleum 

ether) ... ... ... 14*78 per cent. 

(b) Characteriatics of the Fixr.d Oil. 

Specific gravity at 28®C ... ... 0*921 

Viscosity at 28®C ... ... .'58*1417 rela- 

tive to water. 

Refractive index at 80° '1C ... 1*470.5 

Optical rotation ... ... 0*0 

StfponifiOation value ... ... 184*4 

Iodine value (Wij’s method) ... 109*2 . 

Acid value ... ... 24*07 

UnsaponiSable matter ... ... 3'Opercqnt. ‘ 
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The solubility and the reactions of the fixed oil are as follows : — 
?rbe crude oil was found to be insoluble in water» alcohol* cold 
glacial eicetic acid, dilute sulphuric and nitric acids but readily 
soluble in ether, benzene, carbon tetrachloride, amyl alcohol and 
in pyridine. The crude oil was emulsified with sodium carbonate 
solution and saponified with sodium hydroxide in the cold. Sulphuric 
acid gives a brown colour which on dilution with water separates a 
white, gelatinous, light solid. With cold nitric acid part of the 
oil floats and part goes in solution with a light yellow colour which 
on dilution with water gives a semi>solid substance. •The oil is 
gradually decolourised by bromine water in the cold and a butter- 
like substance is produced. With potassium permanganate solution 
immediate decolourisation takes place in the cold. In the ela'ldin 
test the oil yielded a buttery mass separating from a fluid portion 
after thirty minutes. Metallic sodium produces a brisk action on 
the ethereal solution of the oil and a white substance separates. 

Extraction of the Seeds with Alcohol, 

The seeds after being extracted with hot petrol were extracted 
with hot alcohol (90 per cent.). The alcoholic solution was filtered 
and on addition of acetone to the concentrated extract a white gum- 
like l^ubstance separated . 

The substance gradually turns brown in air. It contains carbon 
hydrogen and oxygen only. It dissolves in cold concentrated sul- 
phuric acid with a reddish brown colour : on adding water nothing 
sepaAites. The substance does not reduce Fehling’s solution. 
Strong hydrochloric acid dissolves it with a port wine colour and 
the dilute solution reduces Fehling’s solution immediately. 

It was crystallised from a mixture of glacial acetic acid and 
acetone in perfectly colourless crystals, which are hygroscopic and 
readily soluble in water. It is insoluble in acetone, petroleum 
ether, ethyl ether and absolute alcohol, but soluble in glacial 
acetic acid and in alcohol (00 per cent.). The substance decolourisei^ 
potassium permanganate solution. On hydrolysis by dilute mineral 
ucids the substance is decomposed into glucose and another colour- 
less substance insoluble in water. Evidently the substace is a 
glucoside. It shrinks at 98® and decomposes with evolution of gas 
at 105®*and shows a dextro rotation of 108® *0 ([ajrf®®= +108®’6). It 
^ves a yellow brown colour with sulphuric acid. This substance is 
now heing further examined. (Found ; O, 31*16 ; rf, 9*65 per cent.). 
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Summary and Conclusions, 

i 

The oil extracted from the jute seeds with petroleftm et>ber is a 
non-volatile fixed oil possessing properties very similar to the semi- 
drying class of oils. It is unsaturated, with a high iodine value, 
and is readily saponified by caustic alkalis. From the oxidation of 
the free acids, it seems highly probable that ^he oil consists of a 
large proportion of the glycerides of the unsaturated fatty acids 
such as oleic, linolic and linolenic acids. Further investigation 
of the oil is now in progress. 

My best thanks are due to Prof. Haridas Saha, Dr. J, C. Ghosh 
anfi Dr, S. Dutt for the kind intere.st they have taken in the in- 
vestigation. 

Cheuicai. Laboratoev, 

Intbbmbdiate Cou,EaE, Received July 9, 1926. 

Dacca. 



Studies in “ Photo-sols.*’ Part 1. 

By S, S. BnATNi^oAR, N. A. Yajnik and Vaso Dev Zadoo. 

Freundlich and Xathansoliu {Koll. Zcit,, 1921, 29, 16) while 
experimenting on the interaction of similarly charged sols, observed 
the formation of silver sulphide in the reaction between sulphur sol 
(prepared according to Weirman and Oden) and silver sol (according 
to Lea's method). In the reaction between arsenic trisulphide sal 
and silver sol, the formation of a compound of silver, arsenic and 
sulphur was observed whose composition was not determined. 
Both reactions were accompanied by a series of characteristic colour 
changes. 

A closer study of the interaction of the arsenic trisulphide sol 
(prepared according to Lea’s method) is made by Freundlich and 
Moore (KolL Zeif., 102o, 36, 17). The reaction taking place in the 
djfirk is distinguished from that taking place in light. In dark the 
original colour of the mixture changes into greenish brown with no 
further change for weeks over, whereas in light further colour changes 
ensue and the final colour becomes golden yellow. 

The present work is an extension of the above and the authors < 
have tried td investigate how the mixture of arsenic trisulphide sol 
would behave under different conditions of light, air and concentra- 
tion \rtth a view to get the mixture which is most sensitive to light 
and also to find the most effective spectral region. Further the 
phenomenon of colour changes observed in the interaction of silver 
sol and antimony trisulphide sol has been studied as also the reaction 
between* gold sol and the two sulphide sols. 

Experiment A. 

Preparaiioft of Sola, 

The hydrosol of silver was prepared by Bredig'.s method using a 
current of two amperes. Its concentration was determined by 
Volhard’s method. The hydrosols of arsenic and ant*^iony Jbrisul- 
phides were prepared by passing hydrogen sulphide through solutions 
of arsenioifs oxide and potassium antimony tartrate respectively 
and then removing the free hydrogen sulphide by bubbling hydrogen.' 
Their coiicentrations were determined by coagulating them by dilute 

27 
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hydrocblorie acid and weighing the coagulae as trisulphidee,^ The 
' gold sol was prepared by Zsigmondy's method of veduohig gold 
cblotide by formaldehyde and also by Bredig’s method. The con- 
centration was determined in the latter case by a colorimetric 
device. The strengths of the different colloidal solutions used Ja the 
following experiments are given below : — 


Name of the sol. 

Weight of the 
substance per litre. 

Ag Sol 1 ^ 0 . 1 

0‘099.") gms. 

Ag Sol No. II (protected in gelatine) 

0*,'1682 

Ag Sol No. Ill 

01 712 

Ag Sol No. IV 

Oti6694 

Ag Sol No. V 

0 10087 

As. S 3 Sol No. I 

T8440 

As. S 3 Sol No. TI 

1 -980 

Sb.S, Sol No. I 

< 1-290 

Sb.S* Sol No. II 

0-530 

Au Sol No. I (Zsigmondy’s method) 

0-05384 

Au Sol No. II (Bredig’s method) 

0-00423 

Au Sol No. Ill ( do ) 

0-064615 


Reaction of the metallic sols with the sulphide sols and the effect 
of light and air oji the interaction. 

To study this phenomenon four mixtures having the two ingre- 
dients in the same proportion (which is shown in the following 
tables) were prepared. One was exposed to light only, the second 
to air only, the third to both light and air and the fourth to neither. 
Changes of colour in slow stages are observed to take place when 
the mixtures are exposed to light or to both light and air apd no 
change is uhdergone in darkness excepting a slight immediate 
darkening of the oo'.our of the mixture as soon as it is made. It is 
this darkened colour that is regarded as the initial cotour of the 
mixture in the following tables which show the general results of 
experiments. 
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Interaction of Silver Sol and Arsenic Trisulphide Sol. 


ConstitueDia of 
the mixtures. 

i 

1 

L 

No. of 
' differesit 
sets of 
mixtures. 

Proportion 
of the two 
sols in c. C8« 
in the 
mixtures. 

Colour changes in 
slow stages when 
exposed to light 
or both light 
and air. 

Changes in dark 
both when 
exposed to air 
and when not. 

Ag 

sol. 

/ASaSg 

i sol. I 

Initial 
colour. . 

Final 

colour. 

A. 

i 

(i) 

10 

1 

; 10 

Blackish 

: Yellow in 

• 

No change in g4 


' 




green. 

41 tiours. 

hours and over 

As.. 8. sol No. I ’ 

(2) 

12 

10 



two weeks. 

and Ag 

sol 







No. I. 

1 

(3) 

10 

12 





! 

(4) 

14 

9 




B. 








As..S^ sol No 

. II 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

ind Afr 

sol 







• 1. 








C. 


(1) 

10 

10 

Dark 

No well 

No change ex- 



1 



bluish 

marked 

cepting coagu- 

Ag t>ol No. 

II 

(2) 1 

8 

10 

yellow. ! 

change 

lation in case 

anti A%gSa 

sol 





in colour 

of mixtures 

No. 1. 


(d) 

10 

14 


in 24 

No. 2 and* 







hrs. The 

No. 3 which 



(4) 

b 

14 


mixtures 

commenced as 


! 





coagu- 

soon as they 


i 





late. 

were made. 

D. 








Ag sol No. 

i 

Do. 

Du. 

Do. 

Do. 

Do. 


and Ati«8a 

6ol 1 







No. 11.* 

i 








Qualitative Chemical Analysis. 

This was done in case of those mixtures which underwent a 
•colour change in light. The method followed in this ajd the follow* 
ing cases was to coagulate the colloidal particles in the final 
mixtures ^by exhaustive cataphorosis. The clear solution and the 
precipitate thus formed were separated from each other and each 
examined by the usual analytical methods. 
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Id the present case the investigation consisted in finding as to 
what new compound or compounds were formed whose constituents 
would be two or more from among As, Ag, S, and O — the elements 
participating in the reaction. 

Formation of arsenious acid was detected in the clear liquid and 
of silver sulphide and free sulphur in the precipitate. 


Inieraction of Silver Sol and Antimony Trisulphidc Sol. 


Constituents of 
the mixtures. 

1 

No. of 
different 
sets of 
mixtures. 

Proportion 
of the two 
sols in c. cs. 
in the 
mixtures. 

Colour changes in 
slow stages when 
exposed to light 
or both light 
and air. 

Changes in dark- 
ness whether 
exposed to 
air or not . 

Sb,S, 

60 I. 

Ag 

sol. 

Initial 

colour. 

Final 

colour. 

A. Ag sol Ko. I 

( 1 ) 

JO 

10 

Dark with 

Orange 

No change. 

and SbySa sol 




a shade 

red in 7 


No. I. 

(2) 

J2 

10 

of orange 

hrg. 






red. 




(-) 

10 

12 





(1) 

0 

14 




B. Ag sol No. V 

Do. 

Do. 

Do. 

Do. 

Orange 

Do. 

and sol | 





red in 


No. I. 1 





12 hrs. 


C. Ag sol No. 11 : 

Do. 

Do. 

Do. 

No w e 1 1 -m a r k ed 

No clnjnge. 

and 8 b 2 S 3 sol 




change. 

The ini- 


No. 1. j 




lial blackishnesB 


1 




undergoes a slight 





i 

1 

decrease. 


D. Ag Sol No. 

Do. 

Do. 

Do. 

The initial colour of 

No change ex- 

II and Sb.,S 3 




the mixtures dark- 

cept that mix- 

sol No. JI.* 



t 

ens a 

little. 

ture No. Ill 





1 There is 

a tendency 

coagulates. 





towards 

coagula- 






tioD which increa. 





1 

sea with the in- 





■ 

crease of SbaSg sol 






in the mixture. 

- 


Qualitative chemical analysis was done in case of j<he final 
mixtures in the combinations of those sols that exhibited a cbarac- 
teristic colour change (in A and B). 




STUDIES JN ‘ 'photo-sols 


1»ART 1 


213 


Formation of antimonious acidt silver sul|ifaide and free sulphur 
was^datected . 


Interaction of Gold Sols and Arsenic Trisulphidc Sol. 

Preliminary experiments showed that there was little effect of 
diffused light on the mixture of the above two sols. Sunlight 
however had an appreciable effect. Exposure to light in the follow- 
ing tables stands for exposure to sun-light. 


and AstSa sol 
No. 


Constituents of 
the mixtures. 

No. of 
different 
sets of 
mixtures. 

Proportion 
of the 

- two sols in 

1 c.cs. in the 
mixtures. 

Au IASsS:^ 
sol. 1 sol. 

A. 

Au sol No. TI 

(1) 

10 

10 

and A8.jS.t ^el 

• No. I. 

• 

(•2) 

10 : 

(V;l 


(3) 

r,-3 

10 


(1) 

i 10 
( 

! 

7 

B. Au Sul No. II 

(1) 

1 

1-2 

and As..8-t aol 
N<y. T. 

(2) 

i IJ 

8 


(8> 

b 

12 

, ( 


(J> 

i 1() ‘ 

\ 

' 1 

1 

12 

1 

C. Au sol No. 11 

Do. 

Do. 

Do. 


Colour cliiinges 
when exposed to 
)ig)it and when 
to both light 
and air. 


Initial 

colour. 


Green 


Green 
with a 
sHglit 
dark 
shade. 

Yellow. 

ibh 

green. 


Dark 

green. 


Changes^ n 
darkness when 
exposed to air 
and when not. 


Final 

colour. 


Yellow- 

green. 


Violet 
with a 
greenish 
yellow 
shade. 

Yellow 

with 

greenish j 
shade, 

Violet. 


No change. 


The initial colour is 
bluish green or 
blue according as 
the proportion ot 
' Au sol is less or 
more than AsySs 
sol and the final 
colour is accor- 
dingly blue or 
indigo after sm 
exposure of 14 
hours. 


Do. 


Do. 


Do. 


«Do. 


^ Note : — The final colours are acquired by the mixtures in A^ above in Tshours. 
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Qualitative chemical analysis of the final mixtures was done in 
the same way as in the previous cases. Foriuntion of gt^ld suli>h7dei 
free sulphur and arsenious acid was detected. * 

The colour changes accompanying the interaction of Au sol 
Ko. II and As^S, sol No. I and Au sol No. II and As^S, sol No. II 
were observed at intervals by means of Nutting’s spectro-photo* 
meter. The general result in both cases was that the absorption 
capacity for light of all sets of mixtures became less and loss with 
the increase in the exposure to light. 


Interaction of Gold Sol and Antimony Triaulphide. 


T 


t f 

I I Proportion 

j ; of the two 

I No. of : 

Constituents of i different ; *fn*r**i!*«* 

the mixtures. i se ts of ' * * 

! mixtures. * 


Changes of colour in 
slow stages when 
exposed to light 
only and when 
to both light 
and air. 


Time to acquire 
the final 
colour. 




All , : 


Initial 

Final 



sol. ! 

sol. 

! colour. 

i 

colour. 

A. Au sol No. 1 - 

(1) 

10 1 

10 

1 

1 Darkish 

Brownish 

and ShySa sol i 



1 

{ 

orange. 

orange. 

No. II. 


' 





(*2) 

1-2 i 


] Darkish 

Orange 

ft hours. 




1 

orange. 

witft 

! 


1 

f 


violet 

^ , 

i 



1 


shade. 




U 

D.irk. 

Or.uigr. 


{4) 

1« i 

6 

Dark 

\"iulet 

#* 



i 


ur.iiigc-. 

broWii. 

B. Au sol No. 11 : 

(l> 

12 \ 

12 

Bl.irkish 

Black. 

and 8b sol 


1 


orange. 


No.l. 


1 

i 


' 

\ 

m 

12 1 

7 •: 

Uo. 

Blackish 


\ 


1 

* . 


blue. 



(3) 

7 

12 

Oninge 

Brownish 

14 hours. 





slightly 

black. 






black. 




(4) 

10 

B 

Orange 

Black with 






black. 

a faint 



- 




blue 







shade. 


C. Au sol No. II 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

and PbgSa sol 





* 


No. II • 
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Ab usual no change of colour was noticed in ease of mixtures 
pl&s^d in dark. 

Qualiiatire analysis conducted in the same way as before showed 
the formation of antimonious acid, free sulphur and gold sulphide. 

Interaction of SbiB, sol No. 1 and Au sol No. Ill nnd of Au sol 
No. Til and Sb,8,«sol II was followed at intervals by noting the 
colour changes by means of Nutting’s spectro-photometer. The 
general changes in lioth cases was the increase in transparency of 
the mixture with the increase of exposure. 

f 'iturhisioti . 

The photo-sensitive nattire <>f the reaction between silver sol 
(prepureil by T,ea's method) «ras discovered by Freundlich and 
Nathansobn. The foregoing experiments lead us to conclude that 
no alteration in this respect takes place in the behaviour of the 
silver sol, if prepared by Bredig's method. Kurtber w'e are in a 
position to say that the reaction betw*een the silver sol and the 
antimony trisiilphide sol is likewise phot-o-chemical, though slower, 
so far as colour changes arc concerned. 

As mentioned in the introduction, the mixture of gold sol and 
arsenic trisulphide sol was regarded by Freundlich and Nathansohn 
as indifferent towards light. The present work corroborates this 
observation w’ith respect to the effect of diffused light, with this 
additioif that the mixture is induenced by the light of the sun, and 
the interaction in sunlight is ailso aecotnpained by colour changes. 
Tbe interaction between gold sol and antimony trisulphide sol is also 
discovered to be photo-ehemical and likt-wisc attended by changes of 
colour. 

Chemical exaniinatioii of the mixtures when they had attained 
th^ final col<»ur reveals the formation of the sulphide of the metal, 
free 8ut{>hur and antimonious or arseniotis acid (accordiag as 
antimony trisulphidt* or arsenic* trJhulphide sol was u.sed>. 

Theory of the Chau ye. * , 

Initially we had the mixture of the metal sol (Ag or An) and the 
' sulphide sol (As.S, or Sb.S*) nnd after exposure when there was no 
further change of colour 111 light, presence of tli^ me^al sulphide, 
free gulphur and the acid (ursenions or antimonious) was detected 
ia the mixturt;. The change can be explained by considering the 
' su^ihide sol to hydrolyse into the acid and H^S. Hytjvcan yield 
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H,0 and S by the action of air and light. This accounts for ^the 
presence of free sulphur. may react with dhe colloidal 

particles of the metal to form its sulphide. The several stages or 
the different extents to which the reactions proceed would corres- 
pond to different states of colour exhibited by the mixture. 

Svedberg and other workers in their recent photographic investi- 
gations on the nature of “ latent image ” (<■/. " Photo-electricity 
by Stanley, Ed. pp. postulate the existence of certain 

sensitization centres in the grain of the photographic film ; again 
F, C. Toy assumes that such centres are particles which arc not 
silver halide. Further Henry and Sheppard acc ount for the high 
sensitivity of the film by the presence of Jiuclei of Ag,S, which 
according to them contaminate it. Theories regarding the sensitiz- 
ing action of silver sulphide differ iviilc J»urnol of the Society of 
Chemical Industry, Supplctment, March, ltt2(), p. 219). These 
theories have direct hearing on our subject. We (‘an likewise postu- 
late that the small cpiantities of thi* metal sulphide formed initially 
in the mixtures of the sols form the centres of photo-chemical 
sensitivity and accelerate the chemical changes which are nccom- 
panied by the correspondinji manifestations of colour. 


CUEMirAL liAWOfiATORirs. 
Ukiveusity of the PrsjAU, 
Lahore. 


litceited September 21. 



The Kinetics of the Intramolecular Transformation 
of Ammonium Thiocyanate to Thiourea and 
Thiourea to Ammonium Thiocyanate 

By a. N, Kai'pann'a. 

The decomposition of nitrogen penioxide in the gaseous state 
has now been proved to Vie a perfectly homogeneous unimolecular 
reaction. The existence of unimolecular reactions in liquids has 
been doubted on the grounds that very little is known about the 
liquid state of matte^r which is very complex and that molecules 
ir^ liquids are very much subject to attractions by neighbouring 
.iiflfolecules. But, whether or not real unimolecular reactions can 
exist in liquids should be decided only l)y experimental study. 
Lueck (t/. Cheiu. Sot:., 1022, 44 , 7o7) has found that the 

decomposition of nitrogen peiitoxide dissolved in carbon tetra- 
chloricfe and chloroform proceeds with almost the same velocity^ 
as in the pare gaseous state and that the influence of solvent in 
this particular case is very small. This would mean that 
unin^lecular reactions may well take place even in solution. The 
recent •work of Watson {Proc, l^oy. *S'nc., 1925, 408 , 132) on the 
decomposition of derivatives of oxalacetic ester again lends support* 
to the view that reactions of the first order may be met with in 
pure Uquids. The present work was undertalLcn to see how far 
an isomeric transformation which takes place in the pure liquid 
state can conform to the ideal of a uiuinolecular reaction. 

Waddell (J. Phys. Chcm.t 1898, 2, 536) first investigated Jlhe 
kinetics of the transformation of ammonium thiocyanate to thiourea 
and ahowc 3 d in un approximate way that it was a reversible reaction 
.of^the first order. Atkins and Werner (J. Chem. Sec., 1912, 99 , 
1167) also found the reaction to be of the first^ ordqr. The 
experimental work of Wtiddell was admittedly not accurate and 
the studj^ of velocity by Atkins and Werner was confined to only 
one temperature. Their results, however, point to one faot that 
the prcfducts of reaction in both the direct and reverse reactions 
28 
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have no influence on the velocity of the reaction. From the 
standpoint of the present investigation, what is of 'importance is 
the study of the temperature coefficient of the reaction rates. The 
work of Waddell and Atkins and Werner has therefore been 
revised with such improvements as were found necessary and 
possible and extended over a wide range of temperature. 

In gaseoiis reactions to prove whether a reaction proceeds 
homogeneously or whether surface effects come into play, the 
reactions are caused to take place over inert surfaces and surface 
area per unit mass of reacting substance altered. In liquid systems 
this test can be applied only to a small degree. The reactions 
described in this paper were tested in this way by introducing 
into the reaction vessels strips of platinum and glass wool prepared 
of Jena glass. 


Expewmextai.. 

The ammonium thiocyanate and thiourea used in this work 
were each twice recrystaliised from alcohol. During the course 
of the work it was found that the removal of the last traces of 
alcohol from the crystals was necessary to prevent the formation 
of some foul smelling products. These were formed perhaps by 
side reactions in small quantities which, however, did not affect 
the velocity of reaction. The last traces of alcohol were removed 
by heating the crystallised substances nt 100*^ for a long time and 
then desiccating iu vacuum for some days before use. Thiocarba- 
mide purified as above was found to melt at 179“ and never below 
that. This is in accordance with the prediction of Findlay (J. Chem. 
Soe., 1904, 85. 402). 

Two series of velocity measurements were made. In the first 
series almost equal quantities of ammonium thiocyanate and 
thiourea were introduced into a number of Jena glass bulbs which 
were then evacuated and sealed. C'nre was taken to see in all 
cases that traces of moisture, the substances might have absoibed 
during the filling of the bulbs, were completely removed by desicca> 
tion before seiding. About a dozen bulbs containing one of the 
substances at a time were put into a copper wire cage and immersed 
in aa oil-thermostat of large capacity maintained at any desired 
temperature, The oil in the thermostat was kept well stir ed and 
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the temperature kept very constant. The b*ulbs were taken out 
at intbrvais, suddenly chilled by dropping them into cold water; 
they ward then thoroughly cleaned outside, broken and the contents 
analysed. 

In the second series of experiments long Jena glass tubes 
iH" diameter and 12" dong) sealed at one end and provided at the 
top with a side tube which could be connected to a phosphorous 
pentoxide bulb were used. About 20 grams of either ammonium 
thiocyanate or thiourea were put into a tube of this type, closed 
at the top with a rubber cork and kept immersed almost up to the 
neck in the thermostat. The object of connecting the side tube 
at the top with a P,Ot bulb w*us to keep the air in the tube as dry 
as possible during the experiineut. Small quantities of the molten 
liquid were withdrawn in Jena gias;r pipettes at intervals, suddenly 
chilled and then analysed. 

The velocity measurements made in these two series of experi* 
tnents gave absolutely identical results. 

^ When the experiments had to be carried on below the melting 
points of the substances- the tubes were first of all maintained for 
a short time a little above the melting points of the substances 
when they inelte<I and a certain amount of transformation took 
place.* This lowered the meltiug point and then the tubes were 
trausf erret^ to the thermostat. * 

The effect of surfaces (as stated above) was tested by introducing 
platKium strips and Jena glass wool int-o the tubes used in the 
second* series of experiments. Unfortunately it has not been 
possible to study the effect of solvents on the velocity as it has not 
been possible to get a convenient solvent which dissolves both the 
substahees and is not volatile at temperatures when the reaction 
begins to proceed at measureable ratc^. 

Method of Analysia . — The estimation of thiourea and ammo- 
nium thiocyanate in the presence of each other is a matter of 
considerable difficulty. After many trials the following procedure 
which gave excellent results was finally adopted. Thiourea was 
estimated in the mixture iodimotrically as recommended by Ueynolds 
and Werner (J. Cheni. Soc., 1903, 83 . 1) and modifi^ by* Werner 
(J. Chem. Sov., 1912, 99 . 2160). The solution just before titration 
w’as ‘diluted such* that the amount of thiourea present in 250 c. o. 
ncArer ^xeeeded 0*02 gm. Titration of a mixture* of ammonium 
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thiocyanate and tlUourea against mercuric nitrate solution in 
presence of dilute nitric acid using ferric nitrate as Indicator gives 

f 0 

a reading corresponding to thiocyanate plus thiourea in the mixture 
(Williams Lunge Technical Methods of Chemical Analysis^ p* 656). 
This method was first tested for mixtures of known composition, 
and finally adopted when it was found to giv^ very rcfliable results. 
In all cases both thiourea and thiourea plus thiocyanate were 
estimated and the percentage composition calculated. 


Equilibrium betireen Thiourea and Am moniuot Thiocyayiatc , 

w. 

For the calculation of the velocity constants it is necessary 
to know the equilibrium concentrations of the constituents in the 
reaction mixture. Burrows (J. Anicr. Chcin. Soc., 1024, 46. 1023) 
has studied the equilibrium of this system at different temperatures. 
It was thought desirable, however, to redetermine llw equilibrium 
constant at the different temperatures at which velocity, measure- 
ments were made. 

The equilibrium was, at each temperature, approached from both 
sides. Table I gives the composition of the equilibrium mixtures, 

the equilibrium constants , and the heals of re- 

conc. CS(NH,), 

-action at different temperatures, as calculated from variation of 
equilibrium constants with temperature. 


Table I. 


1 

Temp. j 

% Thiourea 

h 1 

Qdieat of reaction) 

140° C 

28-10 

2-569 1 

... 3271 calories 

160° 

160° 

26-24 

2-811 \ 

... 8235 

24-56 

8 071 < 


170“ 

23-09 


... 8117 ., 

3800 ) 


IStf* ! 

1 

21-76 

3-695 j 

... .9074 

i 

1 

1 



Me^o 8174 „ 

i-, ■ ■ ■ i 
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Rate uf Reaction. 


In a reverHlble reaction of the first order 


A 



B 


if we start with a gram molecules of A» 


di = 

where fc, and k, aro. the velocities of the opposing reactions. If € 
be the equilibrium value of x, then /.•,(<» — €) = /i-,c so that (1) may 
written ns 


lir 

d! 


h’liti —.r) — k. 


ia — €l 




If we*were to start with a gram molecules of B instead of A, it can 
be shown that 


^ + ar) 

at 


so that for both the direct and reverse reactions we would get the 
s^mc integration constant, i.e., we get the same velocity constant 
from whatever direction we pro<?oed. This, as ^tointed out by 
Waddell, forms a test for a reversible reaction of the first order. 
This condition is fulfilled in the reaction studied, as shown in 
TaUles II, 11(a). Ill and Ill(a) which contain the results q^iained 
at 14g“ and 160“, 
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Table II. 

140 “ 

NH*CNS — > CS(NH,).. 


Time in mio. [ % Tbioarea. 


0 

6*92 



30 

8*94 

60 

10*72 

90 

12-29 

120 1 

1 13*97 

180 

16-82 

240 

19-19 

860 

23*05 

oc 

28*10 


21-18 I 

191C I 0-003342 

17-38 0-003291 

IS -81 0-003248 

14-13 ; 0-008369 

11-28 0-003496 

8-91 0-003601 

5-06 0-00838 1 

0-00 ! 0-003389 Mean 


Table 


140 

CSCNHs), — > NH*CNS. 


Time in min. % Tbioarea. 


0 1 

62*10 

34-0 

— 

30 

68-79 

30-69 

0-003411 

60 

56.-80 

27*70 

0-003411 

90 

52*82 

24*72 

0-008687 

120 

, 60*70 

22*60 

0008399 ' 

156 ' 

48*50 

20*46 

0-008327 

160 

46*60 

18*40 

0-408406 

c. oc 

28-10 


Mean 0 008866 , 

t 
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Table III. 
150 ^ 



NH*CNS 

— > CS(NH,),. 


Time io min. 

% Thiourea. 

" 

« X 

k, -frfc. 

0 

' 

4 169 

22 07 


15 

7- 126 

19-11 

.0*009598 

30 

9'68» 

16*65 

0*0093S> 

45 

11*347 

14*89 

0-008741 

60 

18-767 

12-47 

0-009506 

75 

16*882 

9*86 

0*010718 

90 

17*174 

9*07 

0*009869 

* 

26-24 


Mean 0-0096S6 

1 


Table ni{«), 

150’ 

GS(NH,), — >NH,CNS. 

• 

Time in min. 

% Thiourea. 

a — « — X 

k, + k. 

1 

62-98 

26*71 

— 


49*34 

• 23-10 

* 0*009674 

30 

46*36 

20 02 

O 009605 

45 

43-42 

17*18 

0*0097*7 

60 

41*00 

14*76 

0*009874 

75 

39*25 

39*01 

^ 0*009582 

oe 

• 

26*24 


Mean 0*009698 


, The duGforence between the two sets of velues is within •experi- 
men|«l error, represents the ^loeity oonstent for the dixeet 
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reaction NH«GN6 CS(NH,)a. and fc, the velocity constant for 
the reverse reaction. From the equilibrium constants at different 
temperatures, and fc, could be computed. Table IV contains 
the summary of data thus obtained between 140° and 180°. 

Table IV. ‘ 


Temp. 

kt X 10* 1 

! 

*, X 10* 

14e°C 

a-999 

25-68 

150^ 

25-27 

70-93 

160“ 

60-90 

1 

187 02 

160“(a) 

1 62-10 

190-71 

160“(b) 

I 61-20 

187-94 

170“ 

i 140-07 j 

1 476 ■ 43 

18(f 

' 805 -42 

t ! 

! 

1097-98 


160 ®(a) and 160 ° (b) represent the results obtained with platinum 
and glass wool surfaces respectively; it will be seen that they are 
very much the same as without these surfaces. 

• In Table V are given the temperature coellicients for and 
and the energies of activist ion of the two iiiolecule.s at different 
temperatures. £J* refers to the heat of activiation in calories. 

Table V. 


Temp. 

[ 

Temp. 


Temp. 

A*. 


coeff. ikx) , 


, coeff. (If,) 



140“C 1 


? ” - 



] 

2-63 

32393 calorics 

2-77 

355H8 calories 

. 150^ < 





2-41 

32185 

2-63 

35386 

160° < 

2-30 

31915 

2 '54 

35717 

170° 1 

2-lg 

81248 

2 -;o 

1 

33393 

180° ^ 

c 






Mean 8ig85» .. 


Meao 35016 



. 


tf 


It well be noticed that the heat of reaction as calculated from 
e<}uilibrium measurements (3174 cals.) is almost exactly eqJtil to 
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the^diffarenoe between the energies of aotivietion of the two mole- 
oulee (w^oh<8 equal to 8061 cals.) as is to be expected theoreti* 
oally. 

Oiscusston of Results. 

m 

The equation developed by Duehman iJ-Amer. Chem. Soc., 1921. 
13. 897) and Bideal {Phil. Mag., 1920. 10. 461) for the velocity 
of n unimoleoular reaction has the form 

E 

k=s-^- e '~BT 
Xh 

where represents the critical increment in energy or the 

energy of activiation of the molecule. Velocity ooeAciMtts calculat- 
ed with the help of this equation in the C8»e of nitrogen pentoxide 
decomposition both in the gaseous state and in solution agree pretty 
well with the experimentally determined values. For purposes of 
Calculation this equation may be written in the form 

log k = 10 0208 -1- log K - 

In Table VI the calculated values for k ^ and A-, are compared wit^ 
the experhnentally determined values (the observed values given 
in Table IV are here given, calculated for seconds). 


Table VI. 


Temp. 

k, * 10*(oba.) 

1 A-. K lO.tcal.) 

1 k, » 10*(obs.) 1 

it, » 10*(cal.} 

140**C 

' 1-667 I 

3«9 * 

4-968 I 

10*58 

150” 

4 212 1 

1019 

11-696 

98-4^ 

i6<r 

10150 

9441 

81-17 

74-90 

170* 

• 

28*845 

56M 

79-40 

188-10 

180” 

50*908 1 

19790 

189-99 * 

• 

481-80 

• 


It is evident from the table that while the calculated values for 
are nuire than 200 times the observed values, the ealculate^ values 
for it I are only 2*5 times the observed values. It may be pmnted out 
29 
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that a difference of about 500 calories in the energy of activia^ion 
as measured by the temperature coefficient is sulhcielit ^ause 
such differences between the calculated and observed values as has 
been found in the case of /i*». It may therefore be said that in the case 
of the reverse reaction, viz,, CS(NH^), — >NH^ONS, Dushman's 
equation predicts the velocity of reaction pretty accurately. One 
cannot of course expect the Dushniau — It ideal equation to hold both 
for the direct and reverse reactions in a case like the pre.sent one, 
where at the same temperatures the two reactions have almost the 
same temperature coefficients and the equilibrium constant remninr. 
alnoKist the same. 

The assumption in the Dushinan — Kideal equation is the same as 
that in Lewis and Perrin’s radiation hypothesis that E'=Xhv, which 
means that a molecule to reach the active state absorbs one 
quantum of radiation of frequency v. Calculations made on this 
basis predict absorption bands for molten ammonium thiocyanate 
and thiourea at 0*891 /x and 0‘812 /x respectively. rnfortunately 
this could not be experimentally verified owing to the difficulty 
in dealing with these mjUea substances in infra-red spectroscopy. 

The values of log /; plotted against the reciprocals of absolute 
temperatures give for both the direct and reverse reactions ver\ 
good straight lines. This in acco?*dancc with the demands of the 
A/*rhenius equation, 


logj„/r := 


E 

HT 


li. 


In Table \TI are given the values of li, calculated for each 
temperature for Jtj and /r.^. 


TAni.E VII. 


Temp. 

li (fc.) 

B (fc,) 

140^‘e 

1214 

1 

14-17 

150“ 

12*14 

14*10 

100“ 

' 4 

12*14 

1 1410 

170*» 

12*14 

! 14*12 

1 • 

180® 

12*14 

1 14*09 

t* 

» 1 

Mean 12*1 4 

! Mean 14*10 

1 
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Elix s26S0 

B 


=248S 
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These coustunts as well au — are uimobt the same as for many 


other reactions {cf. \Catson, /oc. cit,). 

According to Christiansen and Kramers iZeil. phynikal. Chem.y 
104 , 451) this constant 7^=logjo/l where J A represents what 

they call the * active life ’ of the molecule. On thi» basis the 

active lives of and CSfNFI,).^ moh^ciiles are 7*24xl0«** 

and 8x10^'* seconds respectively. Whereas Christiansen and 

Kramers find that in most ca<cs this is of th«* order of 10“'^ 

Sr*COn<ls. 


Summary ami (.^oncl asitm , 


I’hc kinetics of the 


intrarnolecular transfDi'iiiation,XH 4 CNS 



t/S(.VH,)a has l)Oon studied over the range I h>— 180H.\ It has been 
found that the velocity of reaction in either direction is not affected 
by tli^* presence of air, or by idatinuin an<l glass surfaces. Even the 
presence of slight traces of alcohol and moisture in the substanceiK 
although they produce small quantities of foul smelling substances, 
have no intluonce on the velocity of reaction. So far as the results 
of til e present investigation^ gt>, the reaction appears to proceed in 
a perfectly reversible unimolecular manner. 


Equilibrium between Nlf^CXS and SCiXH,), has been studied 

over the range 140-180 'C. It hu% been found that the heat of 
reaction as calculated from equilibrium data is exactly eqvial to the 
difference between the heats of activiation of the two molecules. 

• 

This is in accordance with theory. 

The Dushman — llideal equation gives values in good agreement 
with observed valvies for the velocity constant f)t the reaction 
CS(NH,), — >NH*CNS but not for the reverse reaction. * 

The^onstant B for the reaction has been calculated for both the 
reactions. These* values are in good agreement with t he ^values 
knowp for other reactions. From the standpoint *of Christiansen 
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and Kramer’s views, the active lives of the two molecules, NU^CNS 
und CS(NH,), have been calculated and found to 7'24x r0~'* 
and 8 x 10“ * • seconds respectively . 

I wish to express my gratitude to Prof. J. C. Ghosh for his kind 
help, advice and encouragement during the prog>‘eMs of this work. 

CnnilCAIi lUBOSATOBt. 
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The Action of Light on Ck>ncentrated Aqueous 
Solution of Ammonium Thiocyanate. 


lu 

S. S. Bhatn'aoak, H. li. Di;nxu likk and Mohammad Am. 


Marshall Homes has w eentlj investigated i7. Clu in. Swe., 1926, 
129, ICIK)) the cause of the red colouration which is developed 
when a concentrated atiueous solution of ammonium thiocyanate 
is exposed to sun-light and which slowly disappears on keeping the 
coloured solution in the <lark. This phenomenon was originally 
described by Idesegang fKdor’s Jahrb. Phnfoijraphic, 1894, 49). 

• On the strength of a rather small amount of experimental work, 
Holmes (foe. rif.) put forward the view that ammonium thiocyanate 
is decomposed into NH ,CN and sulphur according to the equation, 

NH ,t'N8=KH ,t:N + S 

• 

and that the insoluble sulphur (bus ubtaine«i forms larger aggre- 
gates of submicroscopic sizes which arc responsible for the pink 
colour. The.se sub-microns slowly unite to form bigger particles 
usd thus give rise to the siuall amount of precipitate which is 
obtained aft»T long exposure. 

The account of Marshall Holmes’ researches rcachi-d the hands 
of the authors when they were alren«ly engaged on photochemical 
studies of a similar nature and it was considoivd desirable to study 
the phenomenon more fully as the equation of the reaction ns given 
by Holmes did not seem to indicate the exact state of affairs. 
Binoe the colour of the solution completely disappears in the dark 
aftd can bo produced again and again in the Ug^t, the problem 
appeared to bo analogous to the reversible transformation of 
anihracfne into dianthracene. the only eouipletcdy reversible re* 
action fully descfibod in literature and it thus presented another 
interesting aspect of study. 
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Experimental. 

Since tiiere is alvcrays the possibility that the iron in the glass 
vessels may be responsible for the colour so provluced, the following 
critical experiments were tried to get decisive 'information on this 
point ; — 

(1) Instead of glass, quart/, vessels wore employed. 

(2) To solutions of ammonium thiocyanate of varying coneon- 
trations ('I'OoN, 7’ION, 6‘44N, r>’8X, .7*22N, 4‘7X| very dilute ferric 
porchloride solutions acidified with HJi wer • added in am >iiuts 
which just failed to produce the pink colour. The vessels were 
then expose<l to sun light. A control experinienl with ammonium 
thiocyanate alone was also starto'd at the same time. ft was 
noticed that the colouration ejuld be produced in quart/ vessels 
quite as easily as in a glass v and the sidut ions described under 
(2) did not develop more (jolour than the c»)ntrol solutions nor was 
the action any quicker and hence the possibility that the reactior 
between the iron salt and the ammonium thiocyaTsatc to produce 
the ferric thiocyanate may be catalysed was ruled f)ut. The re- 
action appeared to be indopen I eit of th* iron ions and quite, distinct 
from the well-known action of ferric salts with ammonium thio- 
'oyanate. 


Effects fif Varying the C(»nrentratio)i of Amnionimn Thittcijanate. 

Solutions of varying concentrations wore placed in the sun. 
The concentrations tried were, 9X, 8‘IN, 7 29N', (’ro6X, 5‘9X, 5*31N 
and 4*78N. The colour was deepest in the strongest solution. 

After about 5 hours' exposure a precipitate began to appear in 
5‘31X. When this precipitate begins to form, the colour gets 
visibly paler» a tinge of yellow mixing with the red colour of the 
solution. The precipitate appeared next in 5*9N and 4*78N and 
then in order of strength, being last to appear in the strongest 
solution. 

The prcciptate was most copious in o'HlX solution and least 
in the strongest solution. The order of the amount of precipitate 
was approximately 5‘HIX>5*9X>4*7BX>5‘50X>7’2V1X >8*1X>9N. 
It was'found that solutions b(dow 3 ’;jN’ rlid not give any colouratiou. 
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But Ijjiis depends on the kind of light. On exposure to the Decem- 
ber Bun«ii^ theisvening, even a solution of 4'5N did not get visibly 
coloured even after an exposure of half an hour. 


Effect of the hitcnsily and Wave-lenyih of Light on the lieaction. 

In sunlight the pink colouration is developed in one minute, 
although in a very concentrated solution a faint pink can be dis- 
^ covered even after an exposure of ten seconds to the October sun. 
The precipitate takes from five to six hours to appear. The quartrz 
mercury vapour lamp and the light of iron arc produced a distinct 
pink in about 2 minutes. The carbon arc, on the other hand, has 
a very feeble effect, even two hours’ exposure to it being hardly 
equal to two minutes' exposure to the sun. 

The colour goes on deepening with the length of exposure. 
Thus four days' exposure to the sun produced a deep red colouration. 

. • In order to find out which particular wave-lengths were most 
effective, a card-board box with seven compartments was made. 
Each compartment had for it a window cut out from the Wratten 
monochromatic light filters. Solutions of the same stength {8N) 
were placed behind each filter, and the box was closed so that light 
from no phice except through the light-filter could fall on the 
various solutions. The box was then lit up in sunlight for 6 hours. 
Viok^ light was found to be most effective. Blue light produced 
a very faint colour, no other compartment showed the slightest 
effect. The same results were obtained when the exposure had 
been extended to three days. From the experiments on the iron 
and carbon arcs, it is clear that ultra-violet light is most effectivet 
and that the effective region extends from blue to the ultra-violet. 

Effect of Storage , — A solution ( sS ) which had been kept in the 
dark for 2 weeks gave a pink colour immediately on exposure to the 
sun, there being no difference from a freshly prepared solution of 
the same strength. Another solution of strength ON which had been 
•kej^ in the dark for more than a month also showed no difference 
in its behaviour from a freshly prepared one. This ^is opposed to 
the observation of Holmes who found that a solution which has 
been stored for sometimo did not get coloured on exposure. 

Effect of Moitture,— The dry crystals did not ^ undergo* any 
change | on insolation. When placed in open air, however, they 
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absorbed moisture, being hygrosoopio. The oonoentrated so^tion 
thus formed at the surfsoe became pink on exposure tb the, sun. 

Action of Solvents. — Carbon disulphide and benzene when 
shaken up with the coloured solution of NH^CNS dissolved it to a 
certain extent, without getting coloured themselves. Ether was 
coloured pink and retained this colour in the dark. 

Effects of Heating. — On heating a coloured solution of NH*CNS, 
the colour was discharged, and ammonia was given oS. The loss of 
colour was synchronous with the active evolution of ammonia. On 
exposing such a solution again, it developed a colour, which dis- 
appeared on heating. The effect could be repented any number of 
times. An uncoloured solution of NH*ONS also gave off ammonia 
on heating. 

Acidity of Solution . — The unexposed as well as the exposed and 
coloured solutions were found to be acidic*. The salt is hydrolysed 
in solution producing HCNS which is a strong acid. 

Action of Various Substances. — (i) On dilution beyond 3*r)N, the 
colour disappeared. 

(ii) The addition of alkalis, e.g., KOH, NH«OH in such amount 
as to make the NH«CNS solution alkaline, discihnrged the colour. 
Such a solution on exposure to the sun developed no colour. 
-KCN, as Holmes found, also produced the same effect, but 
t.tiin is due to the hydrolysis of KCN in solution and the production 
of KOH. 

u 

(iii) On the addition of acids the colour developed more rqpiilil^. 

On the addition of dilute Ha SO « to a freshly prepared solution, a 
pink colour appeared without any exposure to light. After a time, 
reddish yellow crystals were precipitated and the solution was left 
pide yellow. This crystalline precipitate was quite different in 
appearance from the amorphou's precipitate produced by sunlight, a 
qualitative analysis of which showed the presence of nitrogen, carbon 
and sulphur. 'Phis is probably porthiocyanic acid C,N,H,S« which, 
as is well-known, is produced by action of acids on thiocyanates : 
3HCN8=C,N,H,8,+HCN (Vplckel, Amtalen. 1842, 48 , 74 ; 

Richter’s Organic Chemistry). 

9 

This action of acids is not characteristic of NH«0N£1 only ; 
KCN8 also behaves in the same manner. 

(ivf The add^ion of a drop of freshly prepared solution of H*,8 
discharged the colour of 10 c.c. of a coloured solution of NB!»CN8. 
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The Jblutiou (lid not regain its colour on exposure to the sun, unless 
H,S wasTaoiled off. The action may be represented as follows. 

HCNS + HtS = CS,+NH, (Hemthsen's Organic Chemistry). 

Effects of Air. — Ebolmes’ experiments on exposing a solution of 
NH^CNS in an evacuated vessel were repeated and confirmed. 
Besides that a tube with both the ends closed and having two side 
tubes provided with stop cooks was completely filled with a 50 per 
cent, solution of NH*CNS. On exposure to light, the usual pink 
colour appeared, but after about an hour the colour began to be 
<li8charged until after about two hours, the solution was colourless. 
A very small amount of precipitate could be seen at the bottom. 
'I’ho experiment was repeated with a boiled out solution, and only a 
verj’ faint pink colour was developed. 

These experiments showed that oxygen was used up in the 
change, for in the first experiment, the change went on taking place 
so long as there was any oxygon left. 

■ * Tho.so conclusions were confirmed by exposing XH*CNS solu- 
tion under the atmospheres of gases like H, and CO, and it was 
found that no colour change took place. 

These experiments rendered it probable that the reaction was due 
to oxiiTation. Effect of oxidising agents was. therefore, tried. 

(i) /■*( r<».ri(/<-. — The addition of 1 drop of hydrogen per- 

oxide .solution to lO c.c. of 8N solution of NH,CKS produced a pink 
colofir of exactly the same kind as that produced by sunlight. It 
behaved in the same mann»'r with respect to dilution, alkalis, H,S 
and the action of solvents. On allowing a solution coloured by 
hyd rogon peroxido to stand, a yellow amorphous precipitate of the 
same Tloscriptiou as the one produced by sunlight was obtained. 

Other oxidising agents also produced the same colouration. The 
action of IT,Oj gave a clue to the probable composition of the pre- 
cipitate produced by sunlight. Tt is well known that acting 

on alkali and ammonium thiocyanates produces pseudocyanogon 
sulphide ((’NS)a:; thorefore the procipitato produced by sunlight was 
al*o likely to be (CNS),. This conclusion is rendered more pro- 
bablo in the light of Ganasaini’s work {lioU. Chim. /argi., 1Q19, 58t 
4o7). 1^0 observed that under the influence of light certain con- 

coniications of pot^assium thiocyanate were oxidised by air to give 
pseud DC yanogen sulphide according to the equation* ^ 

12KcAs+120.+6H,0~6K,S0.+3HCN+3C0,+3NH,+2(CNS), 
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Experiments were tried to find out whether the same gasas'were 
given off in the oxidation of NH«CNS. By bubbling pure air 
through cold solutions of NH«ONS (which were exposed to the sun) 
and then through various reagents, negative results were found for 
NHs and HCN. But by another arrangement, in which a small 
amount of the reagent in a capillary tube could be brought in con- 
tact with the gases produced, many times, the following gases were 
detected : — 

(i) NHs by Messier’s reagent ; 

• (ii) SO, by KMnO* solution which was decoloured and precipi- 
tated hydrated manganese dioxide ; 

(iii) HCN by the Schonbein-Fagenstacher test (J. Chem. Ind., 
1917, 35. 196) which being extremely sensitive has the advantage 
of detecting HON in presence of thiocyanates or HCNS. 

(iv) CO, and HjS were not detected, 

Electrolyaia of NH^CSS Solution. — A further proof that the 
colour formation and the precipitate were due to the production of 
pseudocyanogen sulphide was afforded by the electrolysis of NH,CNS 
solutions. Goppelsroeder (J. Chcni. Soc., Abs. 1885, 48 , 109) 

found pseudoeyanogen sulphide on electrolysis of KCNS solution and 
in an appendix he acknowledges that A. Lidow found the same 
substance from NH,CNS by electrolysis. He gave it the formula 
C,N,HS, but it is probable that the formula is CgNaS,, a.s the 
results of analysis to be further described would show. 

The experiment was repeated with concentrated solutions with a 
low current density in the hope that under such conditions the 
formation of (CNS), would be preceded by a red colouration. The 
conclusion was found to be justified. At the anode a pink colour 
developed which behaved in the same manner with respect to reagents 
as the one produced by sunliglit and at the cathode ammonia was 
given off. On passing the current for a longer time, the yellow 
precipitate of (CNS). was obtained. The solution at the anode was 
acidic, at the cathode alkaline. 

, ‘ NH.CNS "2^ NH,»+CNS' 

CNS' gets discharged and on polymerisation gives (CNS). which 
is prebipitated. . 
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Bpeetrotcopie TTorfe.— But the most conclUsiTe proof that tA 
colotir produced by sunlight is due to oxidation and is the same as 
that prSduced’by oxidising the solution with H,0, w'as afforded by 
a study of the absorption spectra of solutions of NH*CNS coloured 
to the same extent under the action of sunlight and by H,0,. 

Work with the ^Quartz Spectrograph of Adam Hilgern. — jif 
4t *8243 per cent, solution of NH^CNS was divided into two portions. 
One was exposed to the sunlight for two days. Both the solutions 
were then spoctrographed. The times of exposure for both the 
plates were the same ; they were developed in developers of the 
same strength and allowed to remain in the fixing bath for'thc same 
time. The length of the column of the liquid through which tfie 
light passed could be varied in a Italy's tube with quartz windows 
at the ends. 

In dilute solution the absorption spectra in a column 03 mm. 
long w’ere identical in the case of the coloured and the non-coloured 
solutions. The ultra-violet region is completely absorbed in both. 

characteristic absorption bands were noticed. 

• * The experiment was next repeated with a more concentrated 
solution (70*'»71 grams of XH.CNS in KXi c.c. of solution) which 
had i)oen exposed to the sun for four days and it was found that an 
absorption band appeared in the coloured solution, while in the 
uncoloured solution there was no such band. 

4 

Sinee ^he ultra-violet was totally absorbed, it was thought 
desirable to study th<? absorption spectra in the visible region by 
means of Adam Hilger Spectrometer of the constant daviation type. 
The visible region could bo extended here and better resolution of 
lines in that region could be obtained. 

The absorption spectra of the following solutions were studied » 

(a) A freshly prepared solutii^n of NH*CNS of concentration 

70*571 per cent. (Plate No. 2). 

(b) A solution of the same strength exposed to sunlight for 4 

days (Plate No. 8). 

(c) A solution of the same strength to which 0*1 c.c. of HaO« 

was added (Plate No. 4). • 

(d) To a solution of 65 g. of NH*CNS, 6 cTc. of* HaSO^ 
* diluted %o twice their volume were added and the whole 

made u|^ to 100 (Plate No. 5) 
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, ■ *■ ' ' 

(p> % solutiftn of 65 g. of NH*CNS, 6 c.c. of H.SO* diluted 

to 12 c.c. were added and the whole made up to 100 ^.c. 

■(/) A 10 per cent, solution ol HaSO. in water. 

As may be seen from the plates, absorption bands appear only 
two cases : — 

ft 

(1) The solution coloured by sunlight (Plate No. 3 ). 

( 2 ) The solution coloured by H,(), (Plate No. 4 ) and these 
bands are exactly of the same type, thus proving that the action is 
the samOrin both the cases and that the same substance is produced. 

' With HjSO* and XH^CNS no charneteristic bands appeared but 
the absorption spectra diflfered from the other solutions. Th *1 this 
is not due to the presence of H,SC)^ is established by the fact that 
the absorption !i?.%J)ectra of H„SO* and water are quite different. 
This constitutes satisfactory evidence that the action of sunlight is 
to catalyse the oxidation of NH4CNS solution by oxygen of the air 
and thus brings about the same reaction as is brought about by 
H, 0 ,, It is also clear that although II, SO4 brings about a colour 
change similar, in outward appearance, to the colour change 
produced by sunlight ; the reaction is in reality quite different as 
indicated by the reaction equatirm cited in this paper. 

Results of Chemical Analysis . — The final evidence in favour of 
the view put forward is afforded by the results of quantitative 
analysis. 


Elements. 

Percentage from tli€; 
precipitate produced 
by sunlight (observed). 

Percentage from the 
precipitate by addition 
of (observed). 

Percentage from 
(CNS). (calculated). 

H 

! 0‘7 

r. 0-52 

0*0 

C 

2017 

20*43 

20*73 

W 

24*20 

24*52 

2414 

8 

not determined 

54*53 

55*17 


As the quantities of the precipitates obtained wore ve^^y small » 
the results shown above may be considered to giv%^ a fair indiof^tion 
of the product being pseudocyanogeog^ sulphide with the formula 
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(CNS),. The hydrogen indicated in the table* pi obably came from 
moii^ture in the extremely small amounts of the precipitate avail- 
able. • • 


Summary of licauUa. 

The production of colour and precipitate in concentrated solutions 
of ammonium thiocyanate by sunlight is duo to oxidation by the 
oxygen of air catalysed under the action of sui^ght. The principal 
evidences in favour of this view may be summed up thus :r— 

• 

1. No colour appears when oxj'gen is al)sent, as on exhaustion 
or when an atmosphere of H, or CO, is maintained over 

the solution. 

2. The pink colour and the precipitate produced are exactly 
of the same kind and behave in the same manner as the 
colour and preeipifati* produced Ijy the addition of even a 
single drop of H,0, to >^o much as 7o grams of NH,t'NS. 

3. The absorption spectra of the coloured solution (by sun- 
light) and the one coloured by H,0» are exactly of the 
same kind. 

,-1. Analysis shows that the (’ and H content of both the 
j)recii)itate8 is the same. 

Posaiblt Mechanism of the lieaction . — In view of the facts 
enumerated above it is probable that by oxidation of ammonium 
thiocyanate pseudocyanogen sulphide is produced, and since the 
change only lakes place in presence of free HCNS, it is but reason- 
able to assume that NH*CNS is hydrolysed by water to HCNS and 
NH*OH ; and thot HCNS is oxidised by oxygen to give CNS which 
is responsible for the colour. 

This CNS further polymerises to give (CNS),, which is precipi- 
tated as pseudocyanogen sulphide. 


NH.CNS + H.O NH*OH+HCNS 

2HCNS-bO = H,0 + 2CNS 
‘ a:ONS~^(CNS). 
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The last two reaationa ate irreveraible although at Qtat the faet 
that in darkness the colour disappears, suggests that the action is 
reversible. But the experiment above described of exposing a solu- 
tion which contains dissolved air only to sunlight when the red 
coloured produced at first disappears giving a small precipitate shows 
that the action is irreversible. 

CbCMICAL liABOBATOBIBS, 

Umivebbitt of tbb Ponjab, Lahobe. Recehed April 11, 1027. 



Fomation of Heterocyclic CSompounds. Part I. 
Action of Methyl-dithiocarbazinate upon ortho^ 
Diketones and their Monoximes, and upon 
Chlorides and Esters of Dibasic Acids. 

By Praphulla Chandra Guha and Sunil Chandra Gdha. 

.fy 

The object of undertaking the present invefAt|'ation wa^ to make 
a comparative study of the behaviour of the o-diketones and their 
monoximes with other compounds possessing the grouping -XH'KH- 
hydrazines, semi- and thiosemi-carbazides, thiocarbohydrazide, 
on the one hand and with methyidithocarbazinate on the other. 
Curtius (J. pr. Chan., 1881, if, 168, 188; Ber., 1889, 22, 2161) 
obtained different types of compounds by the action of hydrazine 
upon several o-diketones. Thiele and Stange (Annalen, 1894, 283, 
Ij studied the action of thiosemicarbazide upon benzil and obtained 
a triazine compound. Schmidt and. his collaborators (Ber., 1911, 
41, 276, 8250) obtained a semicarbozone of phenanthraquinone 
and a triazine compound from its oxime. Guha and De (J. Indiofi 
Chetn. Soc., 192.'>, 2, 228) obtained closed-ring thiocarbohydrazones 
from * molecular proportions of thiocarbohydrazide and diketones 
like benzil, acenaphthaquinone, camphorquiuone, and alloxan,* 
whereas from two molecules of phenanthraquinone (as also 
naphthoquinone and isatin) and one molecule of thiocarbohydrazide 
they obtained di-phonanthraquinone-thiocarbohydrazone. Guha and 
De {J, Indian Chcm. Soc., 1926, 3, 41) prepared hcptatriazine com- 
pounds from molecular proportions of o-aminophenyihydrazine and 
a number of o-diketoncs. 

One molecule of methyldithiocarbazinate reacts with one 
ketonic group of phenanthraquinone And acenaphthaquinone to form 
the corresponding hydrazone methyl dithiocarboxylates as interme- 
diate products, thus : 

—CO — C = N— NH^SSCH, 

, I +H,N— NH— CSSCH,— > | 

■—CO —CO 

which then assumes the azo structure by migration of one hydrogen 
atom, 

— 0*N— NH— CSSMe — C— N=sN— CSSMe • 

I -^11 

—CO . — C— OH 
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Similar cases of migration resulting in the change of hydra^ones 
into azo compounds are well known (cf. Liebermann, Ber,, 1883, 
16 , 2863 ; Zinckc and Lawson, Ber., 1887, 20 , 2903; Meldoia, Phil. 
Mag., 1888, 11 , 411; Guha and Do, loc. cit.). The azo-compounds 
then lose a molecule of methyl mercaptan giving rise to oxydiazine 
compounds (I, II) thus : 

-_C— N : N— CS —C— N = N 


II 


+ MeSH 


— C— OH tSkle ^ _C_0— cIs 

* 5 :6-Phenai)thra (aceDaphtha)-2-thion.l : 

3 :-l-oxydiaziue (1, II). 

With isatin the reaction proceeds thus : — 


' nh ^ 


CO 




MH-CS- 
OH 


a - n- 

,c. 


scij 


Cue 


SNH 

,^8 


That this compound contains a thiol group is proved by the fact 
that it is soluble in alkali and readily gives insoluble lead and 
mercury mercaptides and monoacetyl and mcnobenzoyl deriva- 
tives. 

, Benzil reacts with methyl dithioearbazinate with the liberation 
of hydrogen sulphide and methyl mercaptan. The resulting product 
possesses a sharp melting point but curious as it ajipears, it does 
not contain any nitrogen. 

Two molecules of water are eliminated from one molecule of 
phenanthraquinone monoxime and one molecule of NH,— NH — 
CSSMe with the formation of a compound possessing the empirical 
formula C,oHi,Nj,S, which may be represented by cither of the 
following two formulae. 

_CO — C:N-NHCSSCH, 


.'J=NOH 


— C=NOH 

_C=N -C = N-N = CSCH, 

— > I >N*CSSCH, or j \ 

_0=N -C=N S 

- (IV) (V) 

The osotriazole-methyldithiocarboxylate (IV) on hydrplysis by 
alkali and on subsequent acidification should yield the free thio-acid 
and methyl mercaptan. But in actual practice, no such thing was 
observed. Hence, thioheptatriazine formula (V) is given preference 
to the osotrip^zole formula (IV)’. , 
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Isatin moaoxime does not react with the csrbssinate showing 
that Ihs inonoxime does not possess any active ketonic group. 

The action of six different acid chlorides (viz. thionyl. oxsiyl, 
phthsiyl, futnsryl. suocinyi, carbonyl) upon the carbaziaate has been 
studied. With thionyl chloride the reaction proceeds thus : 

• NHNH'CS*SMe 

SOCl* + NH,NHC8SMe — > 08< 

Cl +HC1 

This intermediate product then loses anothe^ypolecule of hydro- 
chloric acid to yield methyldithiocarbazinste suiPRite.* 

KH N -HCl NH-N 

OS< fl — > OS< li 

Cl HSC-SMe 8 C— SMe. 

(VI). 

With oxalyl> phthalyl, fumaryl, succinyl and carbonyl chlorides 
the reactions proceed in a similar fashion forming respectively 
0-keto-5-hydroxy-2 methylthiol-1 : B : 4-thiodiazine (VII), 2>methyl> 
thioi-a-hydroxy-O :7-benzO'l-keto-l :B: l-octathiodiazine (VIII), 2- 
iffethylthiol-o-hydroxy-S-keto-l : B : 4-octathiodiazine (IX), ff-methyl- 
thiol-5-hydroxy-6 :7-dihydro-8-keto-l :3 :4-octathiodiazine (X) and 
2-hydroxy*5-methylthiol-l :y :4-thiodiazole (XI) thus: 


. COCl 

I +NH,’NH'CSSMe 
COCl 


C(OH)=N— N 
I II (VII) 

CO— S C-SMe 


COCl 

C.H«< + 

COCl 

CH-COCl 
11 4* .. 

CH-COCl 

CH,-COCl 

! + ** 
CH,-COCl 

Cl 

oc< + 

Cl 


C(OH):NN 

.. — > C.H«< II (vni) 

CO— S C-SMe 

CH-C(OH):N-N 

— > II II (IX) 

CH““CO S— 0-SMe 

CH,-C(OH) = NN 
I H (X) 

CH,-CO-S C-SMe 


N— N 
II 11 

HO.C C-SMe 


V 

s 


(XI) 


• Cf. tiiDnar reaqfiioas of l-sobatitutad thioMmicaxbMudm with pboigeus 

(Fimnd, B«r., 1891, 84, 4178) sod with thiophoagone (B#r.. 1890, 88. 8S48). • 
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A corresponding d-A^-phenylthiodiazolo compound of type (XI) 
was prepared by Busch from PhNH.NH.CSSMe by the action of 
phosgene (J. pr. Chem., 1899, 60, 34). The easy formation of a 
closed ring compound (IX) from fumaryl chloride in which the COCI 
groups occupy tra?is-positions with respect to each other can only 
be explained by assuming a transformation of*fhe (ran a into the cia 
form under the conditions of the experiment . 

Experimental. 

Phenanthraquinone atjd Methyl dithiocarhazinate : Formation of 
2-Thion~5 :6-phenanthro-l : 3 :4-oxydiazine (J). 

An alcoholic solution of phenanthraquinone (21 g.) and methyl- 
dithiocarbazinate (1“2 g.) was heated under reflux. The reaction 
began at once as was indicated by the evolution of mercaptanic smell. 
The solution turned red and a red crystalline precipitate began to 
separate out. This was filtered hot and recrystallised from pyridine 
as light red needles, m. p. 205°-206° (yield 2 g.). It is insoluble i,n 
dilute alkalis aud dissolves in concentrated sulphuric acid producing 
a dark green colouration. (Found :N, 1010;S, ll'OO. CjjHgONaS 
requires N, lO'Gl; S, 12'12 per cent.). 

The above experiment when repeated using 2 molecules* of 
methyldithiocarbazinate with one mulecule of phenanthraquinone 
’yielded the same compound. 

2-Thion~u :0-acenaphtho-l :4-orydiazinc (II). 

A mixture of acenapthaquinone (1‘8 g.) and melhyldithiocarba- 
zinate (l'2g.) was heated in acetic acid solution under reflux for four 
to five hours. A brownish red solid mass began to separate with 
the evolution of mercaptanic smell. The separated solid was filtered 
from the mother-liquor while hot, washed with acetic acid and puri- 
fied by crystallization from dilute pyridine when needle-shaped 
crystals were obtained, rn. p. 208'’-209’ with decomposition. It is 
insoluble in alkali and produces a dark-brown colouration with strong 
sulphuric acid. Yield 2 gms. (Found: N, 12'07. CigHoON.S 
requires N, 11'76 per cent.). . i 

2-Thiol-!} :6-i8aio-l :3 :4-oxydiazine (III). 

i 

By beating isatin (1'5 g.) and methyldithiocarbazinate (1*3 g.) in 
acetic' acid solution under refiux, a deep yellow precipitate was 
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obtaised which was crystallized from acetone, m. p. 227^ with de- 
composition. It is soluble in dilute sodium hydroxide solution from 
which it cun be precipitated by hydrochloric acid and gives a red 
colouration with concentrated sulphuric acid. (Found: N, 20*30. 
CeHoONgS requires N, 20*69 per cent.). 

The benzoyl derivative prepared by the Schotten Bauman 
process was crystallised from a very .small quantity of acetone, m. p. 
2J8'’-229°. Mixed melting point with the original isatin condensa- 
tion product is 208-200''. (Found: N, IS'll. Oj^HoO.NsS requires 
N, 13*08 per cent.). • 

The acetyl derivative was obtained by heating the isatin con- 
densation product with acetic anhydritle for about twenty minutes 
under reflux and then pouring into water. It was purified by 
repeated crystallisation from water, m. p. (Found :N, 

IG’75. C, jHjOjXjS requires N, 17*14 per cent.). 


licnzil and Metbyl-dithiocarbazinate . 

A mixture of benzil (2 g.) and methyl dithiocarbazinate (1 *2 g.) 
was heated under retlux in acetic aci<l solution for 12 hours, during 
the §rst four hours’ heating there being no appreciable change. 
’The excess of acetic acid was removed l)v distillation under reduced 
pressure, the solution was cooled and the small quantity of the^ 
yellow subslianee thus obtained was crystallised from acetone, m. p. 
lO.^®. It was found to contain only sulphur, carbon and hydrogen. 
It is*insoluble in dilute caustic soda solution. (Found :S. 44*67 per 
cent). ,\s the yield of the product was only O' 15 grams, a thorough 
study of its properties as also an analysis for carbon and hydrogen 
could not be made. 

Phenanihraquinone inonoxinic and M e t h yJdUhiocarha zinate : 
Formation of : 4 Plienanlhra-7-thiotuefhyl-L :'J :5 :(j-heptathiotria- 
zinc (V). 

A mixture of phonanthraquinone monoxime (1 g.) and mcthyl- 
dithiocarbazinate (1 g.) was heated in alcoholic solution under refiux 
for* about 8 hours. On cooling a brownish red precipitate came out 
which was crystallised from pyridine in needles, m? p. 209''-210'’ 
with dec^nposition. It is insoluble in dilute cold sodium hydroxide 
solution. (Found *.N, 13*45. C^,H,.NsS, requires N, 13*55 per 
ceftt.). * 
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Methifl tftihiocarbatinaie anti Itatin Monojetme. 

Hjr treating iiioJecufar proportioDs of isatin iiionoxime and luethyJ 
dithiocarbazinate in a similar manne. as in the foregoing experi- 
ment and also by heating the mixture at 100 in a sealed tube frjr 
about twelve hour><, isatin monoxime was found to have been left 
unconverted. 


Methyl dithiocarbazinate Sulphite. 

Thion^l chloride (2 g.) in benzene solution was gradually added 
ta a benzene solution of methyl dithiocarbazinate (2 g.) when a 
violent reaction ensued with the separation of a yellowish white 
solid substance. It was filtered, washed with benzene and crystal- 
lised from dilute acetone. The yield was almost quantitative. It 
shrinks at 100^ and melts at 122 -123°. It is soluble in cold smliuin 
hydroxide solution. (Found ;N, 17‘ir>. requires N, 

16’67 percent.). 

2-MethyUhiol-r>-hydroxij-Cy-h'eto l :3 :4-thiodiazine (VII). 

The solid product obtained by mixing benzene solutions of oxalyl 
chloride and methyl dithiocarbazinate was found to be insoluble in 
^all ordinary organic solvents. It was, however, purified by dis- 
solving in dilute sodium hydroxide solution and fractionally preci- 
pitating with dilute hydrochloric acid. The process of fractional 
precipitation was repeated once again. It melts at 127 with 
decomposition. (Found ;N, IC'33; S, 3.'> ‘J4. C4H,0,N,S, requires 
N, 15'91 ; S, 36'36 per cent.). 

The acetyl derivative . prepared in the usual manner, was puri- 
fied by crystallising twice from dilute alcohol, m. p. 174 -175 . 
(Found: N, 12’34. CaHsO,X,S, requires N, 12'84 per cent.). 

2-Methylthio1-rt-hydroxy-(j :7-benzo-8-kela-l :3 :4-octathiodiazine 
(VIII). 

The solid product obtained by heating a benzene solution, of 
phthalyi chloride (2 g.) and methyl dithiocarbazinate (1'2 g.) under 
refiux for 5-fO minutes, was crystallised from dilute alcohol in 
shining plates. The compound shrinks at 155 ' and melts' at 161°- 
16S°, and is soluble in cold scxlium hydroxide solution. (Found :N, 
10'76. C,oHsO,SaN, requires N, 11*11 percent.). 
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t2~Methylthiol-5‘hydT0Ty-B-heio-\ -.B A-octathiodiazine (IX). 

• . 

By proceeding as in the previoun experiment, a solid product 
(2 g.) was obtained from fumaric chioride (I'a g.) and methyl dithio- 
carbazinate (1*2 g.). The substance could not be crystallised from 
the common organic? solvents; however a saturated solution of the 
substance in boiling aqueous acetone solution gave, on cooling, a 
white amorphous precipitate melting with decomposition at 171'. 
(Found ;N, 13*64; S, 31*24. C«H.O,N*S, requires N, 13*80; S. 
31*68 per cent.). 

2-Methylthiol-5~hydroxy-G :7-dihy{lru-8-ln-io-l :3 A-vctathiodiazlne 
(X). 

The sold product (1*"» g.) obtained from succinyl chloride (1*5 g.) 
and methyl dithiocarbazinatc (1*2 g.) could not be crystallised from 
any organic solvent. An aqueous solution of this siibstance was 
boiled with animal charcoal for half an hour, filtered, the filtrate 
qvaporated almost to dryness which on cooling gave a yellow crystal- 
fine substance, m. p. 1 37 ’ with decomposition. It turns brownish- 
red on exposure to the air. (Found : N, 18’90; S, 30*94. 
0,HgO,X,S, requires N, 13*73; S, 31*37 per cent.). 

2-H ydroxy-O'mefhylthiol-l :3 :4-lhiodiaztde (XI). 

• 

A mixture of 4 gms. of 30 % solution of phosgene in toluene and 
l *2^grns. of methyl dithiocarbazinate suspended in 5 c.c. of toluene 
was shaken for half an hour in a shaking machine and allowed to 
stand overnighl. Next day, the solid product was washed 
repeatedly with toluene and was crystallised in needles form a 
small quantity of water, m.p. 9(5-97 after shrinking at 91“ (yield 
quantitative). The compound is soluble in cold dilute sodium 
hydroxide solution. (Found; X, U)*39. Cj,H*ON,S, requires N, 
18*92 per cent.). 

• 

Action of Methyl dithiocarbazinatc on Oxalic Ester : Fonna- 
tion of (VII ). 

• • 

Oxalic ester (1‘5 g.) and methyl dithioearbazfnate (1*2 g.) in 
alvToholio solution were heated at for 12-13 hdurs in a sealed 

tube. 'jThe 8olution» on evaporation on a water-bath, yielded a semi- 
solid mass which when pressed on a porous plate gave a yellowish 
wl^ite solid substance. It was identical with the condensation 



246 


P. C. GUHA AND S, C. OUHA 

product of oxalyl chloride and methyl dithiocarbazinate and was 
similarly purified. (Found :Ni 10’32. C\H*(),N,S, requires N, 

15'91 per cent.). 

Condensation of carbonic ester with methyl dithiocarbaziuute 
in alcoholic solution was tried by the. motljod sitnilar to that 
described in the previous operation, but no reatdion was found to 
have taken place. 

Our thanks are due to Sir P. C. Ray .and Dr. J. C. Ghosh for 
the kind interest they have taken in this work. 

O 

r 
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Dyes deriYed from Itaconic Acid 


By Prasaxta Hatax Dhar and Sikhibhushan Dutt. 

Itaconic acid resembles succinic acid in some physical and 
ebemical properties, e.f/., in solubility and in formation of anhydricfe, 
acid chloride and imide. But from the point of view of molecular 
strain itaconic acid, which is methylene succinic acid, on account of 
its unsaturated linkage, contains a more strained system than 
succinic acid, and therefore it was expected that dyes derived from 
i laconic acid by condensation with various aromatic hydroxy and 
amino compounds would have more colour than the corresponding 
cj^rivatives of succinic acid (c/. Dutt, J. Chem, Soc., 1926, 129, 
1171). It has been found in practice that the condensation products 
of itaconic acid, which hav 3 been thus obtained, have a deeper colour 
than the corresponding succincins. 

Tiatonic acid condenses with aromatic hydroxy and amino com- 
pounds directly, but it has been found that the addition of a suitable 
condensing agent leads to a much better yield. Sulphuric acid and 
tin tetrachloride have been found to be the most suitable in this 
respect. The constitution of those compounds can be represented 
as follows, regarding the phenol- and resorcinoldtaconeins as 
typical members : — 



The following aromatic hydroxy and amino compounds have 
been condensed with itaconic acid and the corresponding itacqpeins 
obtained : — phenol, resorcinol, catechol, phloro^lucinol, pyrogallol and 
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m-dietbylarnido-pbenol. The oondenaatioa product with twotvinol 
has been brommated and a bexa-bromo compound obtained^ Thin 
bromo compound, which dissolves in dilute alkalis with a 
brilliant crimson colour, has been found by direct comparison to 
have a more intense colour, and stronger dying properties than 
ordinary eosin, which is tctrabromo-resorcinol*phthaiein, and than 
tetra-bromo-resorcinol suocinei'n. This greatly intensified colour 
development is probably due to the two extra bromine atoms. 

The condensation product with catechol has been obtained in the 
form of a«hydrochloride, which, from its chemical properties, seems 
to<be an oxonium derivative. The hydrochloride is easily decomposed 
by water into hydrochloric acid and cateohol-itaconei'n, but its tin 
chloride double salt seems to be stable and dissolves in water with 
an intense magenta colour. 

In general properties, colour and fiuurescence, it has been found 
that the dyes derived from itaconio acid are similar to the corres* 
ponding substances obtained from succinic acid. 


Expebimextal. 

Phenol -itaconeln. 

A mixture of itaconic acid (5 g.) phenol (14*6 g.)snd tin tetra* 
chloride (25 g.) was heated on the water-bath under reflux for 16 
hours. The product was poured into water and the excess of phenol 
distilled ofi in steam. The residue was then extracted with dilute 
ammonia and the extract, after filtration, was treated with dilute 
hydrochloric acid. The greyish white precipitate of the crude 
phenol-itaconem thus obtained was purified by dissolving in dilute 
ammonia and precipitating with dilute hydrochloric acid a number 
of times until it was almost white in appearance; m. p. 210°. 

The substance is very soluble in the ordinary organic solvents 
and also in alkalis in which it dissolves with a brilliant pink colour. 
(Found: C, 72 01; PL, 51. requires C, 72-35; H, 4 9 

per cent.). 


RetOTcinoUitaconein. 

\ 

A paixture of itaconio acid (3*0 g.) and resorcinol (6*6 g.) was 
heated on the oil-bath at 130-140° for nearly 3 honrs with tW 
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addition of sulphuric acid (0*5 c.c.). The melt after cooling was 
dissolved jn* alcohol and treated with an alcoholic solution of lead 
acetate. The bright orange precipitate of the lead lake was 
filtered off, washed with alcohol and then decomposed with hydrogen 
sulphide in alcoholic su^ension. The precipitated lead sulphide was 
removed and the alcoholic mother-liquor, on concentration to a small 
volume and cautious dilution with water, yielded the resorcinol-ita- 
conoi'n jn the form of a bright yellow crystalline powder. By 
repetition of the above process a number of times the substance was 
obtained in a pure condition, m. p. (decomp.). • 

The substance is very soluble in alcohol, acetone and acetic^ 
acid, but insoluble in ether, benzene, ligroin and water. It dis- 
solves in alkalis with a yellow colour, and the solution on dilution 
shows a brilliant green fluorescence. The solution in organic- sol- 
^ vents al.so shows similar fluorescence. (Found : 68*69 ; H, 3*99, 

requires C, 68*9 ; H, 4*00 per cent.). 


Caiechol-ifactmeln (hydrochloride). 

C3H4 V /CeM3(OH)y yH 

>c( )o( 

CO— O-' ^CgH3(0H) ^Cl 

A mixture of itaconic acid (0 g.), catechol (10*15 g.) and 
tin tetrachloride (25 g.) was heated on the water-bath under 
reflux for 3 hours. The melt was then poured into water in 
which it dissolved completely forming a magnificent magenta 
coloured solution containing a tin chloride double salt. The 
solution was acidulated with dilute b^^drochloric acid and treated 
with hydrogen sulphide until the tin was completely precipitated. 
The light pink coloured filtrate from the precipitated tin sulphide 
was concentrated to a small volume and kept in a desiccator con- 
taining quick lime and caustic potash for nearly a week when masses 
of colourless crystals appeared. Those were filtered^ and dried in 
a vacuum desiccator ; m. p. 165® (decomp.). • 

The substance is extremely soluble in water and is highly hj-gros- 
copi<^. The colourless solution in water on treatment with dilute 
alkali develops a dirty pink colour which is discharged on the 
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sJJjtm ol liciJ. It coutaiaa oiw malecuk oi hydrogen obhrifk aud 
its chemical properties indicate that it is an oxonium , derivative. 
(Found: C, 61 o; H, 8-6; Cl. IDS. 0,, H,,O^CI requires 
O, 01 '44 ; H, 3’9 ; Cl, 10' 5 per cent,). 


Phloroglucinol-Uaconcln. 

Phk>roglucinol (9 '7 g.) and itauonic acid (o g.) were mixed and 
cheated on an oil-bath at 180-140^ for three hours with the addition 
of a few drops of sulphuric acid. The melt was dissolved in dilute 
sodium hydroxide solution ahd after filtration was treated with 
dilute hydrochloric acid. The precipitate was purified by solution 
in alkali and reprecipitatiun with dilute acid in the same manner 
a number of times until it was obtained in a crystalline condition; 
m, p. above 290'’ (decomp.). 

It is a dark brown substance which is moderately soluble in 
organic solvents and very soluble in alkalis in which it dissolves 
with a blood-red colour. The solution is not fluorescent. (Found : 
C, 61‘8 ; H, 3'8. requires C, G2’2 ; H, 3'ti percent.). 


Pyrogullol-itacvncln. 

A mixture of itaconic acid (0 g.), pyrogallol (11'6 g.) and tin 
tetrachloride (25 g.) was heated on the water-bath under reflux 
for six hours. The mult was poured into water when a mauve 
coloured precipitate was obtained. It was dissolved in hot 
concentrated hydrochloric keid, the solution diluted with water 
and then the tin completely precipitated from solution by hydrogen 
Sulphide. The filtrate from the tin sulphide was evaporated to 
a small volume and kept in a desiccator containing quick lime 
and caustic potash for nearly a week at the end of which the 
colouring mfatter separated in masses of black crystals. These 
were filtered off, washed with water and then dried in a vacuum 
desiccator. 

' The substance is slightly soluble in organic solvents and insoluble 
in water. It is very soluble in concentrated acids end also iq 
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alkalis in which it diaaolves with a dirty pink colour; m, p. 253"^ 
(decoinp.).^ (Found: C, 62*3 ; H, 3*2 ; requires C, 62*9 ; 

H, 3*6 per cent.)* 


m-DielhylainidophcnoUitaconchi» 

A mixture o£ itaconie acid (0 g.) and at-dicthylainidophenol 
(J5’2 g.) was heated on the oil-hath at 130-140^ with a fe\f drops 
of sulphuric acid for fivt‘ hours.* The cold melt was extracted witlf 
dilute hydrochloric acid ami thf filtered extract precipitated with 
dilute sodium carbonate. 'J'he tarry i>recipitate was dissolved in 
alcolu>l and the solution boiled with animal charcoal and filtered. 
From the filtrate the alcohol w^as distilled off and the residue dis- 
solved in dilvito hydrochloric acid and reprecipitated with sodium 
carbonate solution, 'rhe substance was thus obtained in dark 
|)iijjc crystals which were collec.fod and dried in a vacuum desic- 
cator; rn. p. 80' (decornp.). 

The substance is very solulde in f>rganic solvents and in dilute 
acids with a bright pink colour and a doej> brown fUiorescence. 
(Found : N, O’o. reijuircs X, 0*8 per cent.). 




7V (rah ro nio- rv so rr innl-itacon c ln*tlib ro ni n/c . 


I /C< 

CO O' 'c^hb»2(oh) 


> 


o 


Ucsorcinol-ilacouoi'u (I mol.) was bromiuatod in glacial acetic 
acid solution with excess of bromine (7 mol.) by heating on the 
WHter-*l)ath under reflux for an hour. The soluticto was then 
poured into water and the blootl-red precipitate of theP oosin thus 
f>btained cRIIected and washetl w-ith water, and dried in the steam 
oven. The substance was thus obtained as fine crystalline powder, 
m. 187® (decoinp.). 
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The substance is moderately soluble in organic solvents and very 
oluble in alkalis in which it dissolves with a brilliant vjotct red 
colour. The solution is not fluorescent. (Found : Br, 62 0. 
Cl, HgOjBr# requires Br, 621 per cent.). 

Cbemical Labobatoby. lieceived October * 36 , 1936 . 

Tbb Univebs<ty, Aixabauap. 



Dyes DeriYed from Citraconic Acid. 


By JMusanta Katax Diiau and SiKHiitiicsiiAX Dutt. 

Tho ol)jrct of lht‘ pnfsent investigation was to prt paro dyes from 
citracuiiie acid in the same manner ihs with itaconie acid previously 
descrihed f Dhar and Dutt, this \ olume, p. 217). with a view to a 
systeinatic determination and coniparison of the absorption spectra 
of the two serit's of dNCstuffs so as to obtain conclusions which can 
fitted into the * Theory of colour on the basis <.*{ molecular 
strain* advanced i)y one of tht* present authors n)utif J. flu fa, 
1920, 129, 1871; Dutt, this Vntmnr, p. 99). 

Citraconic anhydride differ.^ from itaconie anhydride by the 
position of a double linkage, which, in the foriiier case, is included 
in a riug system, while in the latter case it belongs to a side chain, 
ll was established by Dutt and Thorpe (J. (In m . Sfic., 1921, 125. 
2o2t) thi^t in the cases of the dialkyl sul»stituted succinic acids, t&e 
corresponiling lhi<jres\reins have got the foll‘»wing constitution: — 


u 



R. 


In the ease of the fluoresceins of plumy 1-siicciuic a?ifl and methyl- 
succinic acid, similar constitution was also arrived at by Dutt 
(unpublished work), lleium from analogy it will be evident that the 
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structures of resorcinoUitaconeiu and resorcinol-citraconein are os 
foliows : — 



Resorcinol'itaconein. Resorcinol -citraconcin. 

Hence when these substances assume quinonoid structures by 
solution in alkali, their conBgurations become as follows: — 

XCO'” 

c 

/ 

CH 
II 

R«v-iorc 1 1 lol - ci t r aeon e i D . 

In the above structures the main source strain is th*/ quinonoid 
nucleus. Therefore according to the theory of colour, which has 
been advanced by one of the present authors, any other source of 
strain besides that will intensify the colour if it is in juxtaposition 
to the latter. In the two structures cd fluf»resceins given above it 
will be seen that the double bond corresponding to tlie aliphatic 
acid portion of the molecule is nearer to the quinon )ifl linkage in the 
case of resorcinol-citraconein, while in the case of rosoreinol- 
itaconein it is one position further off. This will account for the 
ffict that the absorption maxima of resorcinol-citraconein is slightly 
greater than that of resorcinol-itaconein. In a sysUjinaiic com- 
parison of the absorption maxima of the two series of dytvstuffs, \i has 
also been found that, in genera\ dyes derived from citraconic acid 
arc always more absorptive than the corresponding dyi*s deriv<‘d from 
itaconic acid. In the table of absorption maxima whicli has been 
appfjnded it will lie found that tlit; onI> exc’f.pt ional case in this 
connection is hexabronjf>-resorcinol-ilaf?oriein, wliieli is slightly more 
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abaorpiive than iutrabronio-retturcinol-citracouoiu. But this can be 
oasily accounted for by the presence in the former of two extra 
bromine atoms. 

rbenol-citraconein has already been prepiu-ed and described by 
Krishna and Popt? (J. ('hem. Soc., 1921, 119 . 280). With the 
exception of this no other dyestuffs have been obtained from 
citraconic acid by condensation with aromatic amino or hydroxy 
compounds. The following aromatic amino and hydroxy compounds 
have therefore been condensed with citraconic acid and the 
corresponding dyestuff obtained : — resorcinol, catechol, phloroglucipol. 
pymgidlol un«l in dietliylumid<iphenoI. The compound with resorcinol 
has also been brominaterl an<l the «;orresponding tetra-bromo 
compound obtained. 


Experimental. 

, The condensations of citraconic acid with aromatic amino and 
• hydroxy compounds have been effected exactly in the. same way as 
in the cases of the corresponding itaconeins (Dhar and Butt, loc. 
cil.). The results are summarised below. 


The Citraconeing. 


Name. 

Appearance* 

M*p. 

Phenol- 

Light yellow 
phsriiB 

160" 

lUrBorciuol* 

Yelloir needles 217"^ 

Phloroglucinol- ••• 


Above 

Oatecbol- 

Colourless 

prisma 

360" 

Pyrogallol- 

• a 

Dark brown 
needles 

280" 

Tetrabromo- 

lesorcinQl* 

Dark red 
needles 

190" 

tn*Dietbylauudo- 

phenol* 

lieddisb violet 
prisms 

96" 


Colour in 
alkali. 

Colour of 
fluorescence. 

Analysis 
(cslc. % in 
breckots). 

Pinkish red 


C, 73 H(73-34) 
H, 4 -7 (4-9) 

Orange red 


H, 4-2(4 0) 

Deep red 

... 

C. 61-76(62 19) 
H. 3-6 (3-6) 

Pink 

... 

C, 63-71(68-9l) 
H, 4-4 (4 0) 

Brown 


C. 63 02(63 19) 
H. 3-9 (3-6) 

Deep pink 

Yello^- 

Br. 62-6 (53-3( 

Bloiah red 

Yellowiah 

brown 

N, 8 * <7-8) 



256 


P. DHAR AND S. DUTT 


Absorption Maxima of the Ciiraconeins and the Itaconcins. 

C=Citraconein; I=Itacouein. Figures indicate approximate 
wave-lengths. 



Phenol -C. 

Phenol-T. 

Resor- 

ciool-C. 

Reaor- ' 
ciuol-I. 

Tetra- 

liromo- 

rciior- 

cinoUC. 

HeNR- 

brotno- 

rcHor- 

dnol-T. 

In alcohol 

4270 

4200 

1870 

4830 

5450 

5480 

Do, with KOH 

55:10 

5410 

4040 

4880 

5100 

5610 


tn-Dit-thylatuidopheiiol-C. m-DiethyiamidophenoM. 

Id alcohol o540 5460 

Do, with HCl 5560 5470 


Chemical Ladoratocy, 
The University, Aliah\uai>. 


/Iccfirfd February 8 , 1027. 
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I5y PiiAFULi.A Bosk avd Dhikknuuv Chandua Hay- 

C'haudhuuy. 

It hits been shown by one of us (looser J, Inilitin Chem. Soc,, 
JUJ4, 1, oO; ibid, lb2o, 2, lioj that thiosemirarbazide and 4-8ubsti- 
tuted thiosemicarbazides readily condense with <i>-bromaA‘tophe- 
none to give rise to 1 : ; t thiodiazino d»*rivativt‘S, the sysrtem taking 
pari being -C<SH;:X.N’H and Brt.’H.CO-. The present investigation 
was uudertakfii with a view to examine if ‘J : 4-disubstituted thio- 
soinicarliazides, KXH.t ’S. H, or !iX=(’iSH;. XIT.XH, which 
contain the ntM-essary n‘a(*tive group'^ for th»^ Ihiodiazine-ring forma- 
tion would also t*ondtMise in a similar way with halogenatotl ketones 
to yield thiodiazines of th<* typ«‘ i!) thus: 


^ s -^CM ^ 
(X = Halogen). (I) 


^ This expeel ation has bet n aniply realised. Tn the present investi- 
gation we havt» employed monochioraotMone, u>d»romaeetophenone 
and /emethyl-iri-bromaiotophi'iione on the one hand and 2: l-diphe- 
ny 1, ‘J-phenyi 1 /»*tolyl, 2 phenyl- 1 o-tolyl, 2-phenyl -I- m-lolyl, 
2 /)-i<dyl- l-phenyl, 2 /»-t(>l> 1- l-e-tolyl, 2 : l-di-/»-tolyI, 2'/t-tolyl- 4 -o- 
anisyl, 2-p-tolyl-l-fM tolyl, and 2-ni-tolyl- l-phenyl-thiosemicarbazides 
on the other; of these 2-phenyl- l-#;i^-tolyL 2 />-tolyl- l-o-anisyb an<l 
2 p tolyl- 4-)a-tolyl t hiosoiirtKearbazi/l#s appear to be new. 

The reaction in aliJiSfcies can bi* brou;|ht about by heating for a 
short time equimoleettlar quant iiios of the reactants in dry alcohol. 
Alcohol may also be replaced by aeetir acid or pyridine. The usp 
of the last solvent as a medium in the above c'ondensation is rather 
restricted as some of 2 :4-disubstituted ihiosemicarbazides easily 
tlndf^go conversion into the 1 : 4-variety in (his solvent, the halo- 
genated ketone at the same time reacts with pyridine or* with I : 4- 
compoundstto give uncrystailisable products. If however the 2:4- 
compound be not very susceptible to the I ; 4-transformation in 
this solvent, the halogonated ketone reacts chiefly with the tifio- 
semicarbazide. 
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The thiodia/anea thua obtained are stable orystallino subatnnoes 
most of which are colourless. They are rather weak bases since 
the hydrochlorides or hydrobromides readily hydrolyse in aqueous 
solution and if sufficient water be present, the base is precipitated. 
They are not desulphurised when boiled ^ with freshly preci- 
pitated mercuric oxide or with alkaline lead acetate solution. 

Attempts to acetylate these compounds by means of acetic 
anhydride or acetyl chloride in pyridine solution were fruitless. Thu 
thiodiazines also failed to react with phenyl mustard oil when heated 
in acetone solution for 8 hours. It is difficult at this stage to state 
definitely whether the non-reactivity of the imino hydrogen atom 
is to be attributed to steric influence of the adjoining radicles on 
either side of the NH group in position *1 or to the alternate 
configuration (II). 


RH = c 


\« >CR 

— CM ^ 


(II) 


1 :4-Dipheayl-thioseinicarbcizicle reacts with <»>-brotnacctophenone 
ia boiling alcoholic solution but from the resulting tarry pnxluct the 
expected thiodiazine (III) could not be isolated. 





N-PiPh 


p>. 


(Ill) 

If however equivalent quantities of the reactants are suspended in 
alcohol and left at the rouin ternpurature for several months, con- 
densation takes place very ^slowly, and the i^esuiting pr^Kluot is 
found to be identical with that derived from 2 : l-diphenyl thi(«eini- 
carbazide, namely •2-pb**.nyUmino i ;3- dihydro-.‘5 : o-diphenyl- 1 i-l- 
thiodiazine. 

Since the 1 : 1-c impound and <i»-bromacelophenone do not risu^t 
to yield the expected thiodiazine (HI), the ounciusion that 1 ; 4-di- 
phenyl thiosemicurbazide undergoes conversion into the 2 ' 4-vAriety 
appears reasonable. 

It had however been noticed that 1 : t-diphunyi thioHemica;ba- 
zido decomposes into phenyl mustard oil anJ phenol hydrazine 
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hydrochloride when the thiosenticarbazule is boiled with hydrochio* 
ric acid, thus : 

PhNlI.OS.NH.NHPh+H(’l = l»hX<'S+I»hXH.NH,t 1. 

BuKch (lit r,, 42r 4596) has* moreover, notic«‘ii ihat alkyl or 

aryl fV>thicK*\ anatea comliine with salts of stilistitoted hydrazines 
to yield 2 r-l disubstituted ihiosemicarbazides even at the tempera* 
tnre of a boiling water-bath* 'fhe above observations coni^equently 
lead us to suppose that in the present ease 1 :4<diphen> I thioseim* 
carbazido slowly splits up into phenyl mustard oil and phenyl 
hydrazine hydrobroinide under the influence of hydrobroniic acid 
liberated by the action of bromacetophenone on a portion of 1:4- 
<ii{>beny! thioseinicarba/.ide. The mustard oil and hydrazine hydrt)- 
broinide then coml)ino to form 2 :4-dij)heny I thiosernicarbazidc 
which reacts with l)romacetophenone in the usual way. 


F.xpeiumektal. 

2-Phrnylifnino^2 : j//- 1 : 3 :4*thiin}i*izinr , 

Ou^ mol. proportion of 2:4-diphenyi thioBeiiiicarba/ide (l* 2 g.) 
and I luol, proportion of u»-bromacetopheuone fl «.) wtTe shaken with < 
M»c.c. of anhydrous alcohol in a flask. Heat was evolved and the 
thioscinicarbazide passe d into solution. The flask was heated for 
a infliuto on the wator-batli to complete Ibo reaction. The solution 
was then concentrate<l and 2 c.c. of pyridine and a little water were 
added when the base cr\stalli 8 ed out. 'Phis was collected and wash- 
ed with ililulo alcohol (\ ield t>7 per cent.). The base was dissolved 
in a mixture of alcohol and pyridine, boiled with anitnal chart'oal, 
tillered and cooled. The pale yellow^ needles thus obtained were 
rocrystallised from acetone ; m,p. 184 \ (Found . N, I2‘]9 ; S, 9'18. 
C,,Hi,.N 38 requires I2'2I: S. 9*:i:4 per cent.). The base is easily 
soluble in benzene, chloroform, carbon disulphide and pyridine; 
moderately so in ether and acetone and sparingly in alcohol. 

• • • 

I :4’DiphenyllhioHrmicarbaasitic and i^-Brontacciophrf^one : Forwm- 
lion of %-PhenyUmino-2 :B-i{ihydro-S :5-diphi*nyl‘l :3 A-thiodianine. 

Molecular proportions of 1 :4-diphoDyl ihiosetiitcarbazide and 
brJfji acetophenone were suspended in anhydrous alcohol in a flask 
which wfis lightly corked. The flask tyas kept aside at the room 
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temperature. The ihioBetniearba/.ide passed into solutioi^ 'Very 
gradually. The colour of the solution turned green in about two 
months. In 5 to 6 months the colour changed to reddish brown and 
a crystalline precipitate appeared. This was collected after a further 
period of 6 months. The mother- liquor, on concentration, produced 
a second crop of pale yellow crystals. 'I'he two crops were found 
to be identical. They crystallised from a mixture of pyridine and 
alcohol in pale yellow needles, m. p. 18-t . The identity of this 
product j^with 2-phenylimino-2 ;3-dihydro-;t : 5-diphenyl- 1 :3;-l-thio- 
diftzine was established by usual tests, as also by analysis. (Found : 
X, 1233. F,,H,jXjS requires X, 12’21 percent.). 

If the condensation of the 1 ;-l-compound with the bromohetone 
is carried out on the waier-bath in alcohol dr pyridine, a non- 
crystallisablo product is obtained. 

2-p-7’o/y/o»iifif>-2 : i/dr<i-.3 ; .j-d//'//* H ///- i :3 :-i-t . 

2-Phenyl-4-/>-tolyl thiosemicarbazidc (,1‘7 g.), I)romacetophenone 
(1‘3 g.) and anhydrous alcohol (12 c.e.) were shaken for some time 
when the components pass'-'d into solution with evolution of heat. 
The solution was then heated on the water-bath for a minute or 
two when the hydrobromide of the condensation product scjcirated 
out (yield 84 per cent.). Tin- hydrobromide was dissolved in alcohol 
and aqueous ammonia added to precipitate the free base. When 
crystallised from acetone using animal charcoal ns a di-coloriscr, 
the thiodiazinc formed colourless crystals, m. p. IGti . (Found: 
X, 1103. C,aH,uXaS requires N, 1 1 'Tb per cent.). 


2-o-TolyIipninii-2 : 3-d/7/ j/dm-3 : o-d/p/n ay/- 1 :.3 : . 

The method of preparation is praetieidly the same as for the 
preceding compound, 2-phenyl- l-o-tolyl thiosemicarbazidc being 
employed in this case. The hydrobromide is however more soluble. 

The base separated from acetone in needles, in. p. 131-32’, 
(Found: X, 11’74. (J,,Il,eX,S requires X, n’7(i percent.). . « 

It is highly soluble in benzene, chloroform, glacial acetic acid 
or pyridine, but moderately so in alcohol or acetone. 

If the reaction is carried out in pyridine, the above condensa- 
tion product is not <d>tained and the semicarbu/ide is simply tra'hs- 
formed into the isomeric 1 -phenyl-4-a-lolyl thiosemicurbuzide. 
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2-PhcnyU4-in’tolyl-thi<tseniicarbazidi : . 

Phenyl hydrazine (11 g.) dissolved in 3o c:.e. of alcohol and a 
few drops of glacial acetic acid was cooled in ice. lii -Tolyl mustard 
oil (I’ti g.) also dissolved in a little alcohol was added drop by drop 
with constant shaking. ('olouricss crystals appeared after a short 
time, 'riiose were freed from the mother-liquor, w^ashed willi 
20 percent, alcohol and finally with ether and dried at the ordinary 
temperature; in. p. 123 . (Found: S, 12*rd>. H , N,, S requires 
S, 12**10 per cent.). In presi-nce of warm solvents it is converted 
into the I :4-variely» in. p. 17H". 


2-in- /a ia<»-2 : H-di/t >//-! : 3: X-ihiodiaznif , 

2-ldienyl* I- a?-ioly 1 t hiosenucarba/ide »1'7 g. i and lo bromace- 
lophtnione <1*3 g.i wer«* 'ihakt ii with 13 cm*, of iilaeial acetic tu id. 
IJeat was evedved and the compoiu'nts went into sf.)lu{ion. The 
^oluiitai was heaiod on the water-bath ha* a while, cooled aial 
lilntcai with water when a seiiji-s»»iid mass was ol>laiucd. This 
was washed several times with watrr and hnaliy with do pt r eenv. 
ilcohol. 'riie crystalline residue was recrvstallised from aIeohv>l 
iftor usual treatment with animal f harcoal when colourless needles, 
ji. p. llU-tiO were obtained. tF’iund : N, H 82 ; S, H‘;M. H , 
N\ S requires N, ll'7ti; S, |Kr<'ent.». 

•The substanee dissolves ea-il\ in j>\ridine. cldorofenn, benzene, 
or acet«.nae but iiiodoratcdy in alcohol. 

3'he eonden^-alion <Io<‘s not take plata* in pxridine: a ev«nversifn 
.d 2; I- into tlie 1 : 1-compMund iak« <i ()lace. 

2-/^//r n i/hai //nf-2 : i/<7re-.3-p a /y/- 1 : 3* : ■4-//oodi(i :»ar. 

On shaking 2-/»-tolyl bplieuyl ihioseinicarha/.ide (1*3 g.) *and 
■>f <*>-broinacetophenonc (1 g.) in pyridine a elear solution was 
>btainBd anil heat developo<l, I'he reaction was completed on the 
A’fiter-bath :.nd water added when the base crystaliir^il out. It was 
recrysiallised from ililute pyridine, after treatmeni with animal 
charcoal, as colourless, rectangular plates, in. p. 122-23', (Found ; 
N, 12*(M>. (' H , N , S requires N, 1 1 *7(> per cent,). It is highly 
Bfdublc in bon/ene and carbon disulphide, moderately so in .mjctone 
and pyridine but sparingly soluble in alcohol. 
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2-m-TolyUmino-'2 :2-dihydr<f‘6-p-tolyl-5-phcnyl-l :3 ‘A-lhiodiarAne . 

The concleneatioQ product (yield 80 per cent.) was obtained 
in a similar manner from 2-p-tolyi-4>»4olyl thiosemicarbuzide and 
bromacotophenoue. For purification an alcoholic solution of 
the base was boiled with animal charcoal, filtered and cooled when 
it separated in colourless needles, m. p. 112°. (Found :X, 11*39. 
Cf, H,, N, S requires N, 11*32 per cent.). The compoimd is easily 
soluble in carbon disulphide and benzene, but moderately so in 
alcohol, ae^etone or pyridine. 

2-p-Tnlyliniino-'2 :'d~dihydro-3-p-t'>lyl-~y-phcnyl-l :3 :4-ihiodiazinc. 

2-p-tolylimino-2 : S-dihydro-H-p-tolyl-.'i-pbenyl-l : 3 ; 4-thiodia- 
zine, obtained as above from 2 : 4-di-/'-tolyl thiosemicarbazide and 
<i>-bromacetophenone in an yield of 64 per cent., formed colourless 
crystals, m. p. 145-40’. (Found: N, ll'ftl. O.a H,, N, S requires 
N, 11*32 per cent.). It is moderately soluble in benzene, glacial 
acetic acid, alcohol or pyridine. 


2-p-Tul yl-4-o-a nityl i h ioac «i icarbazide . 

, The thiosemicarbazide was obtained from p-tolyl hydrazine and 
o-anisyl mustard oil by a process similar to that employed for 
2-phenyl'4-a<-tolyi thiosemicarbazide. It crystallised from benzene 
in colourless crystals on the addition of ligroin. (Found : 8, 11*."»4. 
C’ls H,, N, S requires 8, 11*4 per cent.). 


'2-o-AniHyliniino-2 : t^-dihydrn-'2-p-iolyl-5-i>henyl-l :•*! : A thiodiasim . 

2-/>-Tolyl-4-"-anisyl thioserr^carbazwle (l'4g.) and w-bromree- 
tophenone (I g ) were heated with about 10 c.c. of alcohol on the 
watqr-bath for five minutes. On cooling, the bydrobromide of the 
condensation product crystallised out. This was dissolved in dilute 
alcohol and treated with aqueous ammonia when the base was 
precipitated (yie^d 94 per cent.). On recrystallisation from alcofac^ 
it formed colourless needles melting at 109"^. (Found: N, 11*08. 
C,, N, SO requires N, 10*85 per cent.). The thiodiar.ine is 
highly soluble in pyridine or acetone, moderately in glacial 
acetic acid and alcohol and insoluble in ether. The above condensa- 
tion could also be effected in pyridine solution. 
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2-p~Tolyl-4-m-iolyl thioHetnicarbazide. 

The thioseznicarbaxide was obtained from p>tolyi hydrazine and 
m-tolyl mustard oil in cold alcoholic solution. The colourless 
crystals were freed from the mother>liquor by washing with 
20 per cent, alcohol dnd finally with ether. It was dried in air, 
m. p. 151". (Found : S» 12'24. C , , H,, N, 8 requires N, ll‘8f>per 
cent.). Tt passes into the 1 : 4-variety (m. p. 107’) when heated 
with any solvent. 

2-m-Tolylimmn-2 :‘i-dihydro-‘A-p-tt)\yl-r^-phenyl-\ -A-thiodiazina. 

2-p-Toly)-4-rN-tolyl-thiosemioarbazide (1 4 g.) and oi-brom aceto- 
phenone (1 g.) were shaken with 15 c.c. of glacial acetic acid for 
about 30 minutes when the substances passed into solution with 
slight rise of temperature. The condensation product when 
recrystallised from a mixture of alcohol and pyridine using animal 
charcoal formed prisms melting at KKVIOT". (Found: N, 11‘30. 

requires N, 11‘32 per cent.). It dissolves easily in 
benzene, chloroform or acetone, moderately so in pyridine or glacial 
acetic acid and sparingly so in alcohol. Condensation, however, 
did not take place in pyridine solution. 

• 

2-Phenylimino-li ".ii dihydio-'A-m-tolyl-'t-phcnyl-l :3 A-thiodiazine. • 

.A mixture of 2-m-tolyl-4-phenyl thiosemicarbazidc (1’2 g) and 
brosnacetophenonc (i g.) was dissolved in glacial acetic acid at 
ordinary temperature and allowed to stand for 3 hours. It was then 
heated on the water-bath for ten minutes and diluted with much 
water. The product was purified as before. From a mixture of 
alcohol and pyridine it was obtained as colourless prisms melting 
at 153* (yield 00 per cent.). (Found : N, 11*30. C',, H,, X, S 

requires N, 11*76 per cent.). • 

It is easily soluble in benzene, carbon disulphide and pyridine, 
but sparingly so in alcohol. 

As 2-m-tolyl-4-pbenyl thiosemicarbazidc is unstable, the yield 
o| the thiodiaeino is very much diminished if the solution is heated 
just after the addition of the reactants. 

‘i-Phenyliinino-^: ’,i-tiihydrO'S-phenyl-5-p-(olyl-l : 3; 4-ihiodiazine. 

• The procedure is practically the same as adopted for the 
preparation of 2*phenylimino-2 : 3-dihydro-8: 5-diphonyl-l ;3 :4- 
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thiodiazine* with the difference that p-methyl-«*-bromacetophefione 
was used in this case. From acetone the base separated in fellow 
prisms melting at 165**. (Found : N, 11'^. C,, H,, N* S requires 
N, 11*76 per cent.). 

It is easily soluble in beusene, carbon disulphide, glacial acetic acid 
and pyridine but moderately so in acetone and sparingly in alcohol. 

2'Phenylimino-2 : 3~dihydro~3-in-tolyl-5-p-tolyl-l ’A-thiodiagine. 

2->»-Tolyl-4-ph3ny1 thioscmicarbazide (1*2 g.) and p-methyl>w- 
bromacet^henone (1*1 g.) were dissolved in anhydrous alcohol 
without application of heat. The solution was kept overnight at the 
room temperature and finally heate<l on the water-bath for a short 
time and allowed to cool. Dilute pyridine was added when the 
free base crystallised . out. From alcohol the thiodiazine was 
obtained in colourless crystals melting at 130°. (Found: N, 11*32. 
C,, H, I N, S requires N, 11 *32 per cent.). 

It is highly soluble in benzene, chloroform, acetone, pyridine 
but moderately so in alcohol. 

2-p~Tolyliminn-2 :3~dihydro-ii-phenyl~.5-p-tolyl-l :3 A-thiodiazine, 

The condensation was carried out as usual with 2-phenyl-4-p> 
tolyl thiosemicarbazide and p-methyl-w-bromacotopheone. ' The 
base was liberated using pyridine and was crystallised from acetone 
in yellow needles, m. p. 180®. (Found ; N, 11*43. C,, H,, N, 8 

requires N, 11* 32 percent.). The thiodiazine readily dissolves in 
benzene, carbon disulphide, ether, pyridine, moderately in acetone 
and sparingly in alcohol. 

2~Phenylimino-2:3-dihydro-3 phenyl-~t-mcthyl-l :3 A thiodiazine. 

2: 4-Diphenyl thiosemicarbazide (2*4 g.) and monocblor* 
acetone (1 g.) were heated w^th 15 c.c. of anhydrous alcohol for 
about 15 minutes on the water-bath. The solution was concentra- 
ted and dilute pyridine added to isolate the free base (yield 65 
per cent.). It crystallised from alcohol in colourless shining 
plates melting at 153-54®. (Found; C, 68*34 ; H, 5*65. 0|e H,, N,S 
requires C, 68*32 ; H,«5'33 per cent.). 

Our sincere thanks are due to Sir P. C. Ray for his kind interest 
in the above investigation. " 

UiflTBRSm CoUiBOB OS’ SciBMCa AND ** 
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A Theory of Oolotfr on the Bneit of Moleenlar Stmin. 
Part III. Deoompoeition of Dyes by the Inflnenoe 

of 8olar Radiation. 

By Kal.1 Kbishna Babat akd Sikbibhuskak Dott. 

In two previous oommunioetions by one of the present sutbom 
(Duttt J. Chem. 8oc., 1026, 129$ 1171 ; endDutt, this Volume, p. 99) 
a general theory of colour on the basis of molecular stnun has heen 
elaborated whereby it has been shown that the intensity of oolotir 
, or the absorption maxima of dyestuffs arc in direct proportion to 
the amount of relative strain contained within the molecule. In 
this paper an attempt has been made to find out whether the 
reverse of such a statement will hold good, that is to say, whether 
the relative strain within the molecules of dyestuffs is in direct 
proportion to their absorption maxima. And this has been achieved 
by a direct comparison of their rate of decomposition under the 
influenoe^f solar radiation. 

• In a previous paper (Dutt, this Journal, loc. cit.) it has been 
shown that amount of relative strain within the molecule of subs* 
tancespan be ascertained by the rapidity with which they undergo 
decomposition under the influence of various chemical reagents with 
formation of less strained compounds. Some very simple instances 
like stilbene. benzylidene aniline, azobenzene, benzophenone and 
nitrosobenzene were taken and the action of nascent hydrogen on 
these substances were examined. In each case a hydrogenated, 
i.e„ a less strained compound was fonfied, and it was found on 
*examination and comparison of the quantity of the resultant pro* 
duets that the amount of calculated strain was in direct proportion* 
•to the reactivity of the substances under the influence of nascent 
hydrogen. Innumerable instances of similar nature can be given 
in wlfidh the conclusions drawn from the foregoing Wperiments 
can be applied with success. Looking through the vast number 
of oompounfls belonging to organic chemistry, it is almost invariably 
found that great reaoitivity or in8ted>iUty means great moleottl|« 
strain? 

d4 
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Now it haa bam a well-knowii fact for quite a kmg time tiiai 
the great majority of the dyeatuila under the Induenoe df *^aun]lght 
tend to bleach away with the formatim of oolourleaa produota. 
Frinn the point of view of the theory of colour that haa been ad* 
▼anoed by one of the preaent authora, thie, ia a very intereating 
oaae in whieh atridaed oompounda gradually loae their nudeoular 
ateain under the influenoe of an external arimulua t.«.. ei^ar radia- 
tion by the chemical proceaa of either oxidation, reduction, hydra- 
tion. oondenaation or hydrolyais. The affair beara aome anidogy 
with the detonation of auoh highly atrained oompounda aa the 
*halidea of nitrogen under the influence of oompreaaion wavea into 
their elementa, or the apontaneoua combuation of the highly atrain- 
ed ketcma under the influenoe of aunlight into carbon dioxide and 
water. When a dyeatuff in aqueoua aolution becomea bleaohod in 
preaence of aunlight into colourleaa produota, but remaina abaolutely 
unohaaged in the dark, it becomea quite evident that the aunlight 
cnr the radiant energy of the aun acta only aa a atimulua to liberate 
the potential eneigiy contained within the highly atrained molecule 
in the aame way aa a detonator acta with exploaive compounda. 

From theae it will be aeen that the greater the amount of atrain 
within the molecule of a dyeatuff, the more eaaily and quickly it 
will tend to bleach away into colourleaa produota under the influence 
of aolar radiation. In other worda, the more inteimely coloured 
dyeatuffa, e.g., the green, blue and violet onea will deoompoae much 
more readily than the leaa coloured onea, e.g.* the yellow, orange 
and red dyeatuffa. In fact auch expectation haa been realiaed 
with very few exceptiona.* From the experimenta that have been 
carried out in thia laboratory it haa been found in general that 
rate of decomporition of dyeatuffa ia in the following increasing 
order of magnitude — ^yellow, orange, red, violet, blue and green. 
The gram, blue and violet ^yea are the moat fugitive, while the 
yellow and orange dyes are the moat stable. 

. The total radiant energy of aunlight during the course of these 
experiments has been ascertained from time to time by the micro- 
radiometer method, and haa been found to remain almost oesistsnt, 

• TbaosMa of eoaia «ad afjUhNsia aiv anoiaftloas probably aa aoaaaatof 
tbo largo aioabat of halogoB tbat is eoatainad withia tbair ao4 «be caas 

with wbtob ibay are Ubaratod ia the form of bydrogaa balidaa wikb emaagaoDf de> 
oooa p oal ti o c of tba wbota atdoealo. !nio oaao of add gtaaa (OO) ia also anfanahina 
pnpiMy daa to Ibo giaaS oomplaxi^ of tbm awlaeelo aad 4ba largo araa ever 
wbkb too straia is diatribotad. 
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iMNm being aboot 4*6x10** erge pet eq. em. ^ 
Moen#. • Btti though of ootnee the Agtire for the tote! cadistioa of 
the aim ie hot the eame ee Imt tlw eetive radiation whtoh ia really 
reapohalbla lor the deoomfKMition of the dyeatuffa. yet the total 
and the aetive radiatione muat bmr a ratio to one aaothMr, wfaii^ 
moat have been eoaalaat durhig the aeiiea of expezimoita that were 
p e afe r m ed. Hmioe theae eapertroente were atriotly oomparative. 

The If^lowuig dyeatufla were examined; — 

(1) Oreen — ^Malachite green. Ethyl green, Bindschedl^e green* 

Acid green. Brilliant ^een. * 

(2) Blue — Methylene blue. Indigo carmine, Meldola’a blue', Kile 
blue. 

(8) Violet — Cryatai violet, Gentian violet. Methyl violet. 

<4) Red — Erythroaine, Safruiine, Eoainc, Rhodamihe, Fucb- 
aine, Congo red. 

(5) Orange — Methyl oramge. Orange II, Tropaeoline (OO). 

^ (6) Vellow —Acridine yellow, Uranine, Naphthbl yellow, Bicrie 
ftcid. 


ExPBBiMBNTAL. 

Specially purified aamplea of dyeatuffa were c^tained by auo- 
oeaaive reivyataUiaations of the pureat available commercial apeei-* 
mmia for a number of times until their melting points were con- 
stant or there were no changes noticeable in their abaorption spectra. 
Solutions of those dyes in water were made up to a certain strength 
(K/ 10,000 in most oases) and the solutions exposed to sunlight 
in air-tight bottles made of specially transparent and oolourieas 
glass. The abaorption spectra of these solutions during their ex- 
posure to sunlight were recorded at regular intervals. The instru- 
ment used was a quartz apeotrograph^of about 5 inches dispersion, 
a copper arc in conjunction with a 4 inch condenser being used as. 
the Uluminant. 

In connection with theae series of ^sorption apeotia, it should 
be noted that apart from the absorption maxima, the width of the 
bind is of great Importance. In many of the cases ,the absorption 
varies but little from the point of exposure tp sunlight to 
tiiat of the oomplete bleaching away of the dye solution U|^er the 
infiucnee of acAar radiation, while during U»t interval the width of 
tbe beRd varies considerably. . The net effect of sua^ht is tharaiorq 



It. BARAf AND ft. DUTT 

« 

pmotioally the seme as that of the gradual dilutiom of th# dye 
solutioii uatil its colour becomes invisible. Henee it is a|>paK«at 
that, in general, sunlight decomposes dyestuffs directly into colour- 
less products with very little formation of less coloured oompotmds 
having different absorption maxima. 

For yie sake of convenience the absorption spectra of various 
dyes in course of their exposure to sunlight have been summarised 
into tabular forms. 

[Figures indicate approximate wave-lengths of absorption maxima. 

Figures within brackets indicate the maximum width of the 
absorptiem band in Angstrom units. ] 

Okekn Dvestoffs. 


Bindsehedlera Green. Malachite Green. 


X X 


Before exposure ... 

7310 (2000) 

Before exposure ... 

6190 (1900) 

10th hour 

6250 (1800) 

20th hour 

6000 (1650) 

20th „ 

5875 (15(X)) 

40th 

59(i0 (1200) 

30th „ 

Bleached. 

50th , , 

Bleached. 

BrilliaHi Green. 

X 

Ethyl Green. 

X 

Before exposure ... 

6250 (3000) 

Before exposure ... 

6150 12150) 

r20th hour 

6230 (1700) 

20th hour 

6125 (1650) 

doth ,f ... 

5540 (1800) 

40th „ 

6050 (1550) 

50th „ 

Bleached. 

60th ,. 

5850 (11.^0) 



80th ,, 

Bleached. 

Acid Green. 

h 



Before exposure ... 

6450 12850) 



60th hour 

6075 (1550) 



120th „ 

6000 (1450) 



2d0th „ 

6000 (1156) 



dSOth .. 

Bleached. 




Blue Dyestuffs. 


Methylene Blue. 


Indigo-carmine . 

. 1 

X 

i 

X 


Before exposure* ... 

6650 (3000) 

Befmre exposure ... 

6090 (1550) 

80th hour 

6070 (2600) 

30th hour 

OOOd* (1560) 

60& ... 

6000 (2000) 

40th ., 

5550 (450) 

7«h 

Bleached. 

60th 

Bleached.* 
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UeHola‘9 Blue, 



mie Blue A 



• • 


X 



X 

Before exposure 

« • *' 

6060(1600) 

Before exposure 

« 4 4 

6040(2250) 

60tli iKMir 

• « • 

6040 (1500) 

80th hour 

m m 9- 

6015 (3200) 

12(Hh .. 

• • • 

6040 (1500) 

60th M 

• • « 

6000 (1900) 

300th M 

• ■ • 

* 5000(1000) 

00th „ 


6000(1500) 

350th M 


Blesohed. 

120th „ 

... 

Bleached. 



VlOLBT DyESTUFTS. 



Methyl Violet. 



Oentian Violet. 





X 



X 

Before exposure 

> . * 

5590 (3010) 

Before exposure 

. . . 

5650 (3500) 

30th hour 

• • . 

5510 (1900) 

SKlth hour 

... 

5450(3850) 

40th 

• . . 

5350 (1510) 

40th 

• * 11 

5400 (410) 

50th 


Bleached. 

50th .. 

... 

Bleached. 

Cryaial Violet. 

% 


X 




# 

Before exposure 

• • • 

5900 (3440) 




30th hour 


5990 (3800) 




40th 


5580 (2070) 




60th • 

. « . 

6560 (850) 




70th „ , 


Bleached. 




• 


Red Dybstufps. 



Erythroain. 



Boain. 





X 



X 

Before exposure 

• . . 

5460 (1580) 

Before exposure 


5210 (1500) 

10th hour 

• • . 

5100 (500) 

30th hour 

• • ♦ 

5310 (1500) 

30th 

■ • « 

Bleached. 

4^ .. 

• • • 

5050 (1100) 




60th .. 


Bleached. 

Safranine T. 



Puehaine. 





\ 



X 

Befolw exposure 

« • • 

5350 (1880) 

Before exposure 

• 

5450 (3080) 

30th hour 


5300 (1100) 

25th hour 

• 

« • * 

5450 (2080) 

80th 

• • • 

5300 (900) 

50th 

• . • 

5450 (1900) 

40th 

•••» 

5150 (800) 

100th 


5800 (1350) 

60th 

• •• 

Blesohed. 

125th 

* » * 

Bleae&ed. 



mo 
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Bkodatnme B. 



Congo red. 


■ - • 



A 


. X 

BeiorB eaqpoaure 

«»e 

5540(1250) 

Before exposure 


5240(280(8 

}00lli hour 

• * « 

5580 (1250) 

lOOtii hoar 

• • • 

6240(2800) 

ISOtk 

« • » 

5620 (1200) 

150th .. 

• • • 

5100(2000) 

aooa •« 

• ■ • 

5280 (080) 

200th 

4 4 4 

4850 (650) 

250th » 

• • ■ 

Blaadhed. 

250(h .. 

• 4 8 

Bleaehed. 



OSANOB DyBSTUVFS. 



Methyl Orange. 


X 

Orange 11. 


X 

Before exposure 

a • • 

5040 (1200) 

Before exposure 

• 4 4 

5040 (1200) 

100th hour 

« • • 

4970 (1050) 

l(X)th hour 

« • « 

4970 (1050) 

450th M 


4850 (950) 

800th 1 . 

4 4 4 

4920 (050) 

650th .. 


4850 (050) 

700th .. 

4 4 • 

4800 (700) 

860th 


Bleached. 

0(X)th 

♦ ♦ • 

Bleached. 

TropeoUu OO. 


X 




Before exposure 


5000 (1100) 




iOOth hour 

• • • 

4070 (1050) 




800th 

• • • 

4920 (950) 




700th 

• * * 

4900 (900) 




900th .. 

... 

Bleached. 




- 


YBL.1.0W Dybstuvpb. 



Acridine Yellow. 



Uranin. 





X 



X 

Before exposure 

• • • 

4100 (1100) 

Before exposure 


4940 (1260) 

50th hour 

« • ■ 

4100 (1100) 

100th hour 

. • 4 

4650 (840) 

100th .. 


3800 (500) 

150th 

4 4# 

4600 (380) 

125tii „ 

« • a 

3800 (500) 

175th 

4 4 4 

4600 (800) 

150th .. 

* « a 

Bleaehed. 

200th .. 

# • • 

Bleached. 

Naphthol Yellow 

B. 

X 

Picric Acid. 


X 

Beh>re eiq>OBure 

• • • 

4850 (1450) 

Before exposure 

♦ • 4 

4200 (1800) 

100th hour 

• a • 

4350 (1450) 

100th hour 

4 4 4 

4190 (1260) . 

800th M 

• • • 

4850 (1450) 

400th .. 

4 4 4 

4180 (1260) 

500th .. 

• • • 

4100 (1200) 

800th .. 

... 

4180 (1^) 

600th 

• •• 

Bleached. 

1000th .. 

... 

Not bleached. 


Our ImmI thaailn are due io Prof. J. C. Ohosh of the, . Deoea 
TTuivanitj lor kindly lending ua a Baly'a tube. 

(dmmwu. IttBOEAToar. 
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ftiparfniMitt in the Oarhnioie IBMit. 

T, 

By Bamvalivoauh Lihoaub Mahjbmath. 

• 

The ft^owing work wee underidcen with the object of eyntheiUe* 
ing e. molecule composed of three bensme nuclei end two pyrrole 
nuclei condensed together as represented by formula 1. This subs> 
tanee could be uaed as the starting point for the preparation of many 
interesting denvatiyes. Qra^ and UUmann {Annolen, *1896, Mir 
16) synthesised oaibazole by heating l>phenylbensotriasoIe, a itee* 
tkm which was later used by Ullmaan for preparing several deriva- 
tives of curbaaole, while 8-earboline and 5-csrb<diBe have been 
prepared in a similar way (Lawatm, Perkin and Bobinsrm, /. 
Chem, Soc., 1924, 12S. 6 6; Robinaon and Tfaomley. ibid, 1924, Itt, 
2160). It was thought that it might be possible to construct an 
indole nucleus upon oarbasole in this way from a l-earbosylbraso- 
triaMole. With the object of preparing 1-carbasylbenzotriazole 
attempts were made to condense d-aminocarbasole (II) with o-ehloro- 
nitrobenzene, o*bromonitrobenzene, and m-nitro-p-chlorbenzoio 
acid, but without success. It was also noticed that 8-bromoeaiba- 
zole» (Ciamician and Silber, Gaznetta, 1882, 12, 276) could not be 
condensfd with o-nitraniline, o-phenylenediamine or even methyl 
amine. Further It was not possible to obtain from it the Grignard 
compound. It was found, however, that 8-aminocarbszoIe con- 
densed with 2: 4-dinitroohlorbenzene to give 8-(2':4'-dinitroanilino)- 
oarbazole (III), which was converted successively into S-(2''Omino-4- 

0 ^ COD""- 

NH 

iin 

NO, 

NH 

W 

|idiroaaiIhio)-csr9asole, 1 : 8-««rbaspl-6-*Mffobe»sotrmsols and ; 0*uar» 
.boa]44kmtlaob«tMwlr*asols (IV). Attempte to dUminate a^rQ|e 
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ft wano tlt6 Itwo oompouiids fittldd* slthoogli XTUouuin syutlMncwd 
^-MniaoottlMMK^d by heaUng l-phenyl-^wnindbencotriuole 00. 



(IV) (V) 


A series of eiperiments was then made with the object of 
preparing »phenyl0ne~liV-dibemotrtaMole, from which it was hoped 
thabthe desired nucleus could be obtained on heating by the loss 
of two molecules of nitrogen. It was found that 4:6-diamino-l :8* 
dianilinobenzene (VI) (Nietzki and Schelder, Ber., 1897, 80, 1666), 
<m treatment with nitrous acid, gave a green, uncrystallisable 
product, which reacted with aniline to form azophenine. Neverthe* 
less, p-dibromobenzene was cmidensed with o-nitraniline and the 
product was reduced to p-di-o-aminoanilinobenzene (VII), which gave 
P'pkenjflene^l : I'-dibenzotriazole (VlII) with nitrous acid. This 
substance decomposed into resinous products on heating. 


NH NH 



(VI) (VII) 


a;xr|x) oixxtt' 


(VIH) 


The difficulty of adding an indole nucleus to carbazole suggested 
pn investigation of the possibility of building some other hetero- 
cyclic structure on the substance. Phenazine compounds have been 
pr^ared by oxidising deriTstives of 2-uninodipbenylamine (Fischer 
and Hriler, Ber.t 1808, 80. 888; Fischer, Ber., 1896, SO. 1876; 
Ni^zki and Simcc,. Ber., 1895, 88, 2974), and, with the object of 
carrying out a rimilar reaction, 8-(i^ :4'-dinitrosnilino)-carbazoid (III) 
has been reduced to the corresponding diaminoaniUnpearbaMole, but 
this sobrtaace, on oxidation, gave products which could not be^ 
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purifiedl* ^Wifcb a rimilar objaofe in view, l>p-2':4'>Jiamtnoa«»^»o« 
phenffl‘b9n»otria»(d0 (DC) was prepared, but attempts to produce 
both the phenweine and the oaihazole Bystems*'from this compound 
again failed. The extreme difiSoulties in the way of preparing a 
diamino derivatire of earbasole, in which the two amino groups 
occupy ortho -positions to one another, prevented the use of such a 
compound as the starting point for constructing a new heterocyclic 
system. 2 : 7-DiaminocarbasoIe (Tauber. Ber., 1890, 88, 8266), has 
been prepared, and some of its derivatives obtained. But H was 
not possible to isolate a definite compound as a result of nitratimi. 

The ordinary methods for making hydrazines fail in the case of 
S-aminooarbazole (Huff and Stein, Ber., 1901, 84, 1682), so that 
there is no possibility of carrying out a Fischer indole synthesis with 
‘d-hydrazinoearbazole . It was not possible to prepare B-methylami»o- 
j:arba»ole in order that its nitroso derivative could be utilised for 
indole formation by reducing it in the presence of cyclohexanone 
with subsequent warming in acid solution (see Clemo, and Perkin, 
pinm J- Cbem. Soc., 1024. 128. 1619; Linnell, and Perkin, jun., 
ibid, p, 2450). When p : p'-dinitrosodimethylphenylenediamine, 
(Willst&tter, and Pfannenstiel, Ber., 10U5. 88. 2249). m. p. 148° was 
similarly reduced, the nitroso groups were simultaneously eliminated. 
9-Amino(Xtrbazole (X) (Wieland. Susser and Fressel, Annaden, 1912, 
•392. 188) has been condensed with cyclohexanone, but attempts to 
remove ammonia from the product to give a substance of the 
formal^ (XI) were unsuccessful. It was found, however, that when 
0-nitrosohexahydrocarbazole (XU) is reduced in the presence of 
ryclohoxancne by means of zinc and acetic acid and the solution 
subsequently warmed. 8 :9-(l' :2'-cyololi€jryl)-<etraliydrocor6asole 
(XIll) is formed. 



Similarly, 6-methyl-8 ;O-(l':2'«cyoloheisy{)-fofrakydrocar6asof0 has 
been pbtirined from \k-m»ihylhe»ahydroearba*ole. These produeta 
behave more like tetrahydroosMrbasole than like hexahydrooaibaaote, 

36 . 
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b^ng faifle^td>)e in 4ilate «6idt «nd not givii^; doflnito 
By oleotrolytie xeduetion 8 :2'<oy4^ofc«a^l)- ktmahydrotm^uUfk 
<XIV) hM bam {iiepartfSl, and this snbstsooe is quite bade* diaaidv- 
ing in dilute aoids and giving a definite methiodide. 


(XV) 

Borache, Witte, and Bothe {Annalen, 1006, 800, 78) 
tetrahydzocarbazole to oarbazole by heating with lead oxide 
adiile the aame reaction can be carried out by heating with sulphur 
in quinoline solution (Perkin and Plant, J. Chem. 8oc., 1923, ‘ 188 , 
894). Attempts to convert the compounds described above into 
the parent substance represented by formula (XV) by these methods 
were not successful, although it was found that hexahydrooarbazole 
could be oxidised to carbazole. ‘ 

Expbbimehtal. 

The following method was found to be the most convenient for 
the preparation of the comparatively large quantities of S-aminocar- 
bazole required for these investigations (compare D.B.P., 1913/ 
294010 ; Ruff, and Stein, Ber., 1901, 8f, 1077 ; Ziersch, Ber., 1909, 
a, 3798 ; D.R.P., 1901/134983 ; Schwalbe, uid Wolff, Ber., 1011, 
«, 285 ; Lindemann, B^r., 1924, 87, 567). Cathaaole (60 g.) was 
dissolved in boiling acetic acid (600 c.c.) and, while slowly 
.the solution, sodium nitrite (21 g.) was gradually added. W it hout 
further heating, nitric acid (88 c.c. of d 1*4) was added drop by 
drop with vigorous stirring, and 8-nitroso>8-nitrooarbaEole separated.' 
After half an hour the product (Off g., m. p. 161°) was etd'ected, 
washed itith alcohol and suspended in alcohol (600 g.). Mol ttfin, 
crystallised sodium sulphide (500 g.) was then added grftdually, and 
the mixture boiled und«r reflux for 6 hours, durii^ which 8«amino- 
oarbaaole separated. The alediol was removed by dhftillalimi, tibe 
residue ^ted with water and the product (40 g.. m. p. 961°) was 





ooU«Gtod^ Mad wailM witii MScme. 8'AiBiaocarlMMsol« oiyg|riH|^ 
from ifrtueSiii m«Ito «fc 2SB** whan puxa, 

S~i^ :4*rtHnHrtHmUino)-cai^baMoU (lIl).^8-Amiiiocarbs»>la (18 g.) 
..iNHi aniqMBiidad in aloolud (800 o.o.) oontainuiig2:4>diniti!ochlon>' 
henaana (20 g.)> MDkd finalljr powdered sodium aoetota (20 g.). The 
miature was boitad undmr reflux (or two hours whan a red crystalline 
mass B^wratad. Bxoau of amtar wae added to the cooled mixture, 
the precipitate collected and dried. The yield was quantitative and 
the crude product melted at 255’*. A portion of it wae recryataUised 
form nitrobansene. Thin bright scarlet prinns, m. p. 258**. (Fftund : 
N, 16*0. C,aH,,0«N« requires 161 per cent.). 

S-i2^-Ammo-4’-nitroanUino)'earbazole . — ^Tha dinitro compound (III) 
(17*4 g.) was suspended in tan times its weight of boiling alcohol. 
Freshly prepared hot sodium hydrogen sulphide solution (42 g. of 
crystallised sodium sulphide converted into the hydrosulpbide by the 
Edition of the requisite amount of cone. HCl to the fused mass), 
was gradually added and vigorously stirred. Care must be taken in 
this deration as the reaction is npt to become violent. The mixture 
was then boiled under reflux for two* hours. On cooling and dilution 
the aminonitroanilino- compound separated out in quantitative yield. 
It was filtered and dried at 80**. The product was fairly pure and 
melted a<h242'’. A portion of it was recrystallised frmn xylene. 
Chocolate brown rectangular prisms, darken between 220** and 250° 
and melt at 256 *’•258'*. (Found: N. 17‘S. CiaHi«OaN« requires 
N, 17*6 per cent.). 

It ^as also possible to obtain the above compound by directly 
reducing the dinitro compound (IH) after its formation. The 
compound dissolved in alcoholic hydrochloric acid with a deep red 
colour and was sparingly soluble in the usuaJ organic solvents. 

1 :8*Oar5asy2*5*nitrobenso(riasols. — A solution of the hydrochlo- 
ride of the above described nitramine in^oohol was treated with a 
^nc. solution of the requisite quantity of sodium nitrite, with 
vigorous stirring, at 5**. The insoluble iriatole gradually separated, 
out as a dark peen precipitate. After keeping for 2 hours at O** the 
fixture was filtered out and the residue dried. 'Hie yield was 
*quanti|>ative. Btie yellow priains (frenn xylene) mq)ting with 
decomporition at 288**. (Found: N, 21*1. requires 

N, 21*3 per ^^t.). 

1 :8*Cer(MMiil*8*aeuaobaasotrtsso{e (IV)4‘~The above nitro bo^ 

was m^ed with a little'leas than the theoretical quantity of stannoqp 
chloride and ^rdrochloirie a«dd and heated under r^vK lor one hour. 
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Ob oooUzig, the double oompound of the amine with etannio ^oUoride 
eepereted out. 'Hije wee ooQeotedt su^ended in boiling W»t«r end 
deocnnposed by hydrogen sxilphide. On oooUng the preoipitete oon- 
eieting of the emine hydrochloride and stuinio sulphide wee filtered 
end extracted with boiling alcohol. Th^ amine was precipitated 
from the extract by the addition of ammonia. Colourless plates 
(frcun xylene)> m. p. IST-lOO**. (Found: C, 72*8 ; H. 4‘6. 
requires C, 72'2 ; H. 4*8 pc»r cent.). 

The acetyl deriTStire of the amine was obtained by dissolving 
the oompound in ethyl acetate and adding a slight excess of acetic 
anhydride. Beotsngular plates, m. p. 292°. (Found: C, 70*4 ; H, 4*4; 
N, 20*5. Cs'oHttONa requires C, 70*1 ; H. 4*4 ; N, 20*5 per cent.}. 

Among the decomposition products of the compound during 
attempts at ring formation a small quantity of carbazole could be 
identified. 

The Action of Nitrous Acid on 4:&~Diamino-l iB-dianilinobeneene 
(VI). — 4 :6>Dmitro-l :8-dianilinobenzene (Niotzki, and Scbelder, loc. 
ctf.) was however more easily reduced by treating the com^und 
(85 g.) in alcohol with sodium hydrogen sulphide (from 164 g. of 
Na«S, 9H,0) and boiling the mixture under reflux for 12 hours. 
The alcohol was then distilled over. The residue was diluted, the 
precipitate collected and washed successively with alcohol and 
benzene until it was obtained in colourless needles, m.p. 207° 
(yield 50 per cent.). 

The diamine was suspended in acetic acid containing the 
requisite quantity of cone. HCi, and the calculated quantity of amyl 
nitrite was gradually added with vigorous stirring and cooling. A 
green mass separated which was collected after two hours. It was 
found impossible to crystallise it from any solvent. The same 
substance was formed when nitrous acid was allowed to act upon 
the diamine under varied conditions. An analysis of the body 
prepared by using pure substances showed that it contained chlorina 

However on attempting to recrystalllse it from aniline a beautiful 
red oompound was obtained which could then be recrystallised from 
xylene. Shining red plates, m. p. 258°. (Found : C, 82 ; H, 5*5 ; 
N, 12*6. requires C, 61*6 ; H. 5*4 ; K. 12f7 pef 

cent.). It could not be aoetylated or benzoylated. Its colour 
reaction with strong sulphuric acid was identical with that of 
azqphenine and it was identified as such by converting it into 
dourindine. The green substance g^ve the corresponding deidvative 
with toluidine. Bed plates (from xylene), m. p. 264*5°. (Found : 
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Q, 88*4 ; H, 6*4 ; N. 11*7. requires C, 62*5 ; H. 6*1 ; 

N* * 11*6 per oeat.). It would not ccmdense with either numo* 
methyl or dimethyl anilines. 

p-Di-io-nHranilino)~bengene. — ^To a mixture of p-dibromohensene 
(25 g.). o-nitrattiltne (80 g.) and finely powdered anhydrous potassium 
carbonate (80 g.), nitcobensene (150 c.o.)» a pinch of copper powder 
was added and the mixture heated at 200^, with efficient stirring ior 
6 hours when a deep red colour gradually developed. The solution 
was filtered hot when the condensation product crystallised. It was 
collected (80 g.) and washed with benzene, m. p. 228% This crude 
product was treated with boiling alcohol to remove some 2-n|]tro-4'> 
bromodipbenyiamine formed at the same time; yellowish red prisnous 
from alcohol, m. p. 162°. (Found: N, 0''6. C,,H»OaN,Br requires 
N. 0*7 per cent.). A small portion of the diainlino compound was* 
then rcscrystallised from nitrobenzene. Bright red prisms, m. p. 
283°. (Found: N, 15*8. requires M, 16 per cent.). 

p-Di-{o-aminoanilino)-b€ngenc (VII). — ^Thc reduction of the above 
dinitro compound is best accomplished in alcoholic suspension by 
means of sodium hydrogen sulphide. After refluxing for 12 hours 
the diamine separated in shining white plates (yield 90^ ), which, 
on recrystallisation from xylene as colourless rhombic plates, melted 
8t^l59\ (Found: N, 191. C ,,11, requires N, 10*3 per cent.). 

p-Phenylcne-liV-dibenzotriazolc (V’lII). — The finely powdered 
diamine (14*5 g.) was suspended in acetic acid (150 c.c.) containing 
cone. HCl (10 C.C.). The mixture was kept in ice well stirred. 
*Sodiuin nitrite (7 g.) in cone, solution was graduUy added, the 
temperature being maintained at 10°. After standing for two hours 
excess of water was added, the precipitate collected, dried and 
crystallised from nitrobenzene. Beotangular plates, m. p. 279°. 
(Found: N, 26*9. C,,H,,Na requires N, 26*9 per cent.). 

It was not possible to identify any pure substance amongst the 
decomposition products of this coinpund during attempts at ring 
formation. Experiments were also tried to form only one triasole 
ring from the diamine, but without success. The unchanged 
dtemiae and the dibensotriasole could be separated by extraction 
•with xylene owing to the greater solubility of the^former. 

3-(2' :4'-Diamtnoaatltao)-carbaso(e. — The con^und (III) was 
red\|ced by means of the requisite quantity of staimous chloride and 
hydrochloric acid and the cm me formed re>cry8talUsed bom xylene. 
Colourless rholnbio plates, m. p. 256°. (Found: O, 79*8; H, 5*7; 
N, 15*2. requires C. 79*1; H, 5*5; N, 15*4 per cent.). 
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The enatysiB indicates that one oi tlia nitro grou]^ has bean elimine^ 
ted during tiie raduoti<m. A small quantity of it in aoetio sqM* was 
Seated with nitarous acid. A clear scduticn was obtained which 
coupled readily with alkaline jS^naphthol. Thus it is evident that 
the product is 8'(4 •aminoanilinoycarbaMole. 

When however the dinitro body (111, 84 g.) was refluxed in idoo- 
hol (850 c.o.) with excess of sodium hydrogen sulphide (from 250 g. 
of Ka,8, 9HsO), for 18 hours on a water-bath, the red colour formed 
at first disiq>peared entirely and the diamine separated out. *niis 
was collected and re-orystaliised from xylene (yield 75 per cent.). 
Colourless rectangular prisms, m. p. 222". (Found : C. 75*8; H, 
5*8; N, 19*1. CiaH|,N« requires O, 75; H, 6*6; N, 19*4 per 
emit.). 

On attempting to oxidise this substance with lead oxide (Fischer 
andHeiler, loc. eit., and Fischer, ioc. cit.), or with manganese dioxide 
in ammonical alcohol (Nietski and Simon, he. cit.) decomposition 
products were formed which could not be identified. 

l-p-2' :4’-DinitroaniHnophenylbcnzotriazole. — 1 - p - Aminophenyi- 
benxotriasole (Ullmsnn, Annaien, 1904, 338, 97) was condensed with 
2:4-dinitrochiorobenzene by heating the two together in alcohol with 
sodium acetate under reflux for two hours. A red crystalline 
product separated. This was collected and rccrystaliisod from 
xylfne ; yellowish red prisms, m.p. 228 . (Found: N, 22*3. CiaHi, 
0«Na requires N, 22*3 percent.). 

:4'~Dmminoanilinopkenylbenzotriazole (IX). — ^The above 

dinitro compound was reduced by means of stannous chloride and 
hydrochloric acid. On cooling and passing in HCl gas the 
stannic chloride double compound of the base separated out. I'his 
was collected and decomposed by H,S. The diamine was carefully 
dried in a desiccator and recrystallised from toluene; colourless 
prisms, m.p. 155"-157°. (Found: C^. 68*8; H, 5*2; N, 26*4. 
requires C, 68*8; H, 5*1; N, 26*6 per cent.). 

2:7;Diaminocarbazole . — The diamine was prepared according to 
Tauber (loo. eit.) and obtained in colourless plates from xylene melt- 
ing sharply at 260". The diacetyl derivative was obtained in colour- 
less shining plates qielting with decomposition at 820". (Found : G,‘ 
68*0; H, 5*8; N, 14*8. CteH, .O.N, requires G, 68*8; H, 5*8; N, 
14*9 per cent.). The dibenzylidene compound formed pale yellow 
plates (from xylene), m.p. 290". (Found: N, 11*4. requires 

H* 11*8 percent.). With dimethylaminobenzaldehy^e olustem oi 
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ygaowkli md pcfams (from xylene) m. p, 284* were obiidned. 
(Foadd : N* 15'2. OteH«»N» requires N> 16*2 per cent.). 

Sererel es^erimente under varied conditions were tried in order 
to nitante ^be dlamino compound and its diaoety! derivative. High 
melting u»orystal|jaable products were obtained. An attempt was 
also made to replace the amino groups by hydroxyl groups through 
the diaxo compound, and by treatment with excess of cone, sodium 
sulphite solurion (compare Bucherer. J. pr. Chem.^ 1004, 89, 40). In 
the former case an uncrystaliisable black solid was formed and in 
*the latter the product was recovered unchanged even *after boiling 
for two days under reflux. * 

Incidentally it was observed that 8-aminocarbasole was not 
.".ffected by treatment with sodium sulphite. 

Experimenlg on the Preparation of 3~Methylaminocarbaeole.’— 
Since it was found impossible to methylate B-aminocarbazole directly 
by means of methyl iodide or dimethyl sulphate even under very 
vigorous conditions, the benzylidene compound (m. p. 214“, Mazsara 
and Leonardi. (iasMetta, 1801, 21. II, 884) was prepared. But it 
was not possible to obtain addition compounds of this with methyl 
iodide or dimeUiyl - sulphate (compare Decker and Becker, Annalen, 
1012, 898, 862). 

• 8>Aminocarbazole was condensed with p-toluenesulphonic chloride 
by heqting the two together in molecular proportions in alcflhol 
containing sodium acetate for 2 hours under reflux. On cooling and 
dilution, the 8tttphonarnide separated out as a or}'stalline mass. It 
was then reorystallised from alcohol. Colourless plates, m. p. 227“. 
(Found: N, 8*8. C,,H,aO,N,8 requires N, 8*8 per cent.) It must 
be mentiemed that in the above reaction the substance taken must 
be quite pure as otherwise a syrupy uncrystaliisable solid is formed. 

The Sttlphonamide was dissolved In a mixture of acetone and the 
calculated quantity of caustic soda (25 per cent.) and was mettiy- 
lated by the gradual addition of a slight excess of dimetiiyl sulphate 
while keying the solution throughout alkaline and well wtinn^. 
It was allowed to stand for some rime and on diluticm the methyl 
eulpkonamide separated as an oil which soon solidified. CoiourlcBa 

* 'plates (from alcohol), m. p. 168“. (Found. N.*8. CsoH|»0«N»8 

requires N, 8 per cent.). * 

Several eiqieriments were made with the object of removing the 
su4»bonyl groups by hydrolysis, but without success. IVeabmmit 

• with acids gave a green uncrystaliisable low melting solid. * 

9-AminoeaTheu$ole (X).— The amine (Witdand, Busser and Fr es a s I , 
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toe. oti,, m.p. 151**, yield 20 per eeat.) wm dissolved in eloohol^ tb 
which a slight excess of cpolohexancoie had been added and the 
mixture allowed to stand for 12 hours, after which it was gently 
refluxed on a water-bath lor two hours. On cooling the hydnuone 
separated out in clusters of large well defined rectangular prisms, 
m. p. 96^. (Found: N, 10'4. C,,fiiaNt requires N, 10*7 per cent.). 

Several experiments were made in order to remove ammonia 
hrmn :^e above compound by heating it with various acids to obtain 
ui indole ring. Sticky uncrystallisable solids were formed which 
could not be purified. * 

Q-i^itro(toh»xahydrooarhaaole (XII).>— Hexahydrocvbazole was pre- 
pared according to Perkin, jun., and Plant (J. Chem. 8oc. 1924, 125 , 

' 1512) by the electrolytic reduction of tetrahydrocarbazole. It was 
found that 20 gm. of tetrahydrocarbazole dissolved in 200 c. o. of 
strong sulphuric acid (d 1*5) were completely reduced by a current 
of 6 amperes during 16 hours ; m. p. 09°. 

This wets converted to the nitroso derivative by treating its acetic 
acid solution with sodium nitrite. On diluting the reaction mixture 
a thick oil separated out which soon solidified to a yellow mass. 
Laige brown prisms from alcohol, m. p. 61-62°. (Found: N, 13' 9. C,, 
H,«0 N, requires N, 14*0 percent. Compare Borsohe, Witte and 
Bothe, loe. cit., p. 70). • 

*An experiment to obtain O-amino/tearabi/drocarbazole in thp same 
manner as O-anxinocwbazole resulted in a sticky product consisting 
mainly of hexahydrocarbazole itself. 

8 : 9-(l : 2-cycloHexyl)‘tetrahydrocarhazole (XIII). — ^9-Nitrosohe- 

xahydrocaibazole (10 g.) was dissolved in acetic acid (100 c. o.) 
containing a slight excess of cgclohexanone (7* 5 c. c. ). Zinc dust 
(80 g.) was gradually added during 1 hour while vigorous stirring 
was maintained mid the temperature kept as low as possible by ice 
cooling. The excess of zinc dust was removed and the clear solution 
allowed to remun overnight. It was then heated on a water-bath 
for 1 hbur, when on cooling and dilution with water a thick gum 
separated out. This wcus washed with water and dissolved in ether. 
The ether solution was repeatedly washed successively with water, 
dilute hydrochloric Ucid, uid sodium carbonate solution, finally it waS * 
shaken up with ahimal charcoal, filtered and dried. On removing 
the ether a thick syrupy solid remained which was distilled wider 
reduced pressure. The clear distillate between 280° ax^ 240° /18 mm. 
solidified*’ on scratching with a drop of methyl alcohol. It was • 
recrystidlised ftmn alcohol (yield 8 g.). Colourless prisms, m. p. 
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88?. (F^und ; C, 85*9 ; H, 8' 4 ; N, 5* 6. C,aH.,N requires C, 86* 0 
H, 8*4 ; N» 5* 6 per cent.}. 

This compound was insoluble in dilute acids ; in dry ether it did 
not give a hydroohloride when hydrochloric acid gas was passed in. 
The picrat0 was obtained by heating molecular proportions of the 
substance and picric aoid*in idcohol for a few minutes. It crystal- 
lised out on cooling in bright yellow prisms melting with decom- 
position at 138°. On heating the substance in a sealed tube with 
excess of methyl iodide for 12 hours at 1()(3°, and evaporating ofi the 
excess of methyl iodide, a compound (colourless prisms) was ob^ned 
which was insoluble in ether, contained iodine and melted between 
50° and 70” with decomposition. It was not possible to purify it. 

Experiments were made to dehydrogenate the above compound. 
But it was necessary to ascertain first what would happen to 
hcxahydrooarbaxolc under conditions when tetrahydrocarbazole gave 
tarbazole. It was found that when the vapours of hexahydrocar- 
baxole were passed over heated lead monoxide pure carbazole was 
formed (Borsche, Witte and Bothe, loc. cit.). Sulphur reduction 
(Perlfein, jun., and Plant, /<u*. cit.) also gave carbazole (2 g. from 


u»g.). 

When however 8: 0- (!' : 2' -ci/clohexyl)- tetrahydrocarbazole 
was heated with lead monoxide, a tar distilled over. When reduced by 
sulphur it was not possible to isolate any pure compound. 


* 8:tt-(l :2'-cyc\oH<'xyyi)-tetrahyflrovarhazole. — The compound (XIII 

.j g.) was dissidved in sulphuric acid (150 c. c., d 1* 5), and the solu- 
tion was reduced in the cathode chamber by a current of 6 ampere 
lor IG hours. On dilution and making alkaline w’ith ammonia a 
sticky white solid separated out. As this could not be recrystaUised 
from any solvent it was distilled under reduced pressure. The 
fraction boiling at 235”-245”/l.'» nmi. solidified and was recrystaUised 
from alcohol. Colourless glist’ening plates, m. p. 144°. (Found: 

65*8 ; H, 9*0 ; N, 5-2. C, bH,,N requires C, 65*4 ; H,9*l ; N, 5*5 
per cent.). 

I'his compound was markedly basic dissolving in dilute acids. 
'A crystalline hydrochUmde (m. p. 225” deootnp.) was obtained from 
itg eyi^eal solution. The picrate separated from alcohpl in yellow 
prisms, melting at 160”. The methiodide vtm prepared ^y heating 
it with excess of methyl iodide in a sealed tube at 100” for 12 hours. 
On oooltng iT crystallised in colourless prisms melting with decom- 
position at 187”. - 

*86 
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Aa mbtmapt wtm to»de to 4fl]kydvogei3»t« ildB eoaiKMind Jff jpws* 
in^r itig vapour over Itestod l«ad monoxide. The pxoduet ohtiyned 
contained emne tar. But on reoxyatailisation from glacial aoetio 
add a mnall quantity (0*2 g. from lo g.) of a oryetollina compound 
(colourlecs platea) was obtained. This melted at 140° and depremed 
tiie melting point of the original compound.' But it was not possible 
to examine it further. 

6~Methylheaxthydrocarheutole . — 6-Methy Itetrahydroosrbasole was 
prepared according to Borsohe, Witte and Bothe {he, eit., p. 02 ; 
m. p. 148°). 

It was then reduced electrolyticaUy in the same manner a 
tetrahydrocarbasole. It was noticed that if perfectly pure 0-methyl* 
tetrahydrocarbszole was used there was no sign of reduction, but its 
was not possible to determine the nature of the catalyst. 6-Methyl~ 
hexahydrocarbazote separated out as an oil which slowly solidified. 
As it was not possible to crystallise it owing to ite tendency td 
separate out as an oil, a portion of it was distilled under reduced 
pressure. The distillate, b. p. 280-240°/14 mm. on solidi^ing 
consisted of colourless prisms, m. p. 43-44°. (Found : C, 83* 7 ; H, 
9.2 ; N, 7*4. requires C, 88*4 ; H, 9*1 ; N,7*6 per cent.). 

The piorate was prepared in the usual manner and was found to 
melt with decomposition at 174°. The ntf rose derivative consisted of 
brownish yellow^ prisms (from alcohol), m. p. 71°. (Found: N, 18* O. 
O,, HjeON, requires N, 18*1 per cent.). 

6-3#«ffcyl-8:9-(l': '2^~eyelohexyl)-tetrahydrocarbaMole -6-Methyl-9- 
nitroaohexahydrocarbazole dissolved in acetic acid contiutaing a 
slight excess of cyclohexanone and was reduced by means of sine 
dust in the manner described under the preparation of compound 
(Xm). The product was distilled under reduced premure. The 
fraction, b. p. 240° -250° /18 mm., consisted of a thick syrup (2 g. 
from 10 g. of the nitroso-compound) that did not solidify even after 
long keeping. An uudysis of it showed that nitrogen was 1^ toQ,i 
low. The picrate was prepared and recrystallised from idoohol, pale 
yellow prisms decomposing at 118°. (Found: C,60'8 ; H, 5 * 8 ; K, 11. 
C,, H,* O, N* requires C, 60*7 ; H, 5*8 ; N, 11*8 per cent.). 

I desire tg express my gratitude to Prof. W. H. Perkin. > |un., 
for his cont^ued help and interest throughout this work. My thanks 
«re due to Mr. F. Hall for the mialysM. 
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HaloieiuiUoii. Part III* Bromination. 

By PfiCLOXo SAHAy Vasma akd Baubi Nakavax. 

Brommation of aromatio hydrocarbons has been effected directly 
in presence as well as in absence of halogen carriers. Bromo- 
benzene has been obtained from boiling benzene and bromine 
vapour by Couper {Annalen, 1857, lOi. 225). Brunner has effected 
the brorainaiion of benzene by one molecule of bronffne at tiie 
room temperature in 150 days up to 94 per cent. (Chetn. Zentr., 
1900, II, 251). Brominaiion has also been brought about in the 
presence of 1—2 per cent, of iodine (Schramm. Ber., 1885, 18, 515 ; 
Michaelis and Oroff, Ber.t 1875, 8, 026), in the presence of alumi- 
nium-mercury couple (Cohen and Dakin, J. Chem. Sot-., 1899, 76, 
894), in the presence of zinc chloride (Schiaparelli, Gazzetta, 1881, 
11, 70), in the presence of aluminium chloride Ofreen, Compl, rend., 
^1880. 90, 41) and in the presence of pyVidinc (Cross and Cohen, 
Prop. Chetn. Soc., 1908). 

Oattermann (**Die Praxis des Organishen Chemikers”) obtained 
bromo-benzene in the presence of iron filings. A few cases of 
bronvnation with aqueous hypohromous acid (Stark Ber., 1913, 18, 
670) have also been effected. Datta and Chatterjee (.J. Amer. Chen^, 
Soc., 1916, 88. 2545) introduced bromine in the aromatic hydro- 
carbons by means of bromine and concentrated nitric acid, but the 
yield of the brouio-compound, by this method, has not been found to 
be satisfactory by the authors. 

Attempts have been made i>y the authors in this investigation to 
bring abotit brominaiion in presence of (>) a mixture of nitro- 
sulphonic acid and fuming nitric acid, (it) concentrated or fuming 
sulphuric acid, (iif) concentrated or f^umtng nitric acid, (io) a mix- 
ture of concentrated or faming sulphuric acid and concentrated or 
fuming nitric acid, and (o) sodium nitrite and concentrate^ or 
fuming sulphuric acid. 

Hie results obtidaed by using a mixture of nitro-sulplionic acid 
and fuming nitric acid are summarised in Tables I. It has been 
found possible by this method to get 10'8 g. of bronqpbeazene ffcmii 
10 c.c.sof benzene and 8 o.o. of bromine, a yield which haa aot 
boon obt^ned by any method known up till now when the amouht 
ol bromine uaod* in the experiment is taken into ‘Consldei^tion. 
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In tha methods of Cross and Cohen (loc, eit. ) and of GattenRann 
^ 0 . oit.) which are generally used in the laIxMratory for pure|>aring 
bromobensene. a much largw quantity (8 o.o.) of bromine is used 
to obtain about 12 g. of bromobensene from 10 g of bensene. 

It is interesting to find that while the presence of a small quan- 
tity of acetic acid in iodination is capable of increasing the yield of 
iodo-oompounds to a considerable extent (Varma and Kulkami. 
this Joumalt 1926, 8, 291 ; Varma and Panickar, ibid, 1926, 8, 842), 
the presence of acetic acid has no appreciable effect in the case of 
bromination. 

, In addition to bromobensene, it has been possible in the pre- 
sence of this mixture of nitro-sulphonic acid and fuming nitric acid 
to get a good yield of p-dibromobensene from bensene itself or from 
bromobensene, p-bromo-iodobenzene from iodobensene, o- and 
p-bromo-toluene and penta-brom-bensoic acid from toluene, bromo- 
xylenes from p-xylene. o-Chlorotolueno and p-iodotoluene are 
oxidised to chlorobenzoic and iodobenzoic acids respectively. 

Bromination has also been effected in presence of sulphuric 

C 

acid. The results obtained are summarised in Table II. ('oncen- 
trated sulphuric acid gives but a poor yield of the bromo-derivative 
whilst fuming sulphuric acid containing 10 per cent, of sulphur 
trioxide gives as much as 8‘8 g. of bromobensene from 10 c.c. of 
Jaenzene and 5 c.c. of bromine. This yield is lower than that 
obtiuned by using the nitro-sulphonic acid mixture. The formation of 
the sulphonic acid derivative as the intermediate product during the 
course of the reaction does not seem probable as benzene sulphOnic 
acid itself is not affected at all by bromine (vide Table 11, £xpt. 18). 

Nitric acid is also capable of bringing about bromination. The 
results are summarised in Table III. The yield of the bromo-deri- 
vative is very poor when concentrated nitric acid alone is used but 
fuming nitric acid (d 1*52) gives abetter yield, nearly the same 
that is obtained by using fuming sulphuric acid. A mixture of 
fuming sulphuric acid and fuming nitric acid (equal volumes of each) 
is equidly effective though not better than any one of them. 

The presence of sodium nitrite and sulphuric acid also brings 
about bromination but the yield is far short of that obtained by usiug 
the nitro-sulphonic acid mixture. The results are summarised In 
Table IV. In this case the use of fuming sulphuric acid ^oes not 
seem to have any clear advantage over that of ordinary concentrated 
sulphqric acid. 
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EXPIBIMBITTAIi. 

It 

Bromination in pre»»nee of fuming nitric and nitro-tviphonie 
acid mixture. 

The above mixtufe is prepared by passing a steady currant of 
dry sulphur dioxide into cold fuming nitric acid (d 1*52) until about 
50 per cent, of nitro'sulphonic acid is obtained. If the percentage 
of nitro<8ulphonic acid in the mixture is greater tiian 50 per cent., 
it is brought down to this value by adding to it the required «9ttantity 
of fuming nitric acid. A mixture thus prepared is used in the 
following experiments. 

In the experiments tabulated below, benzene and bromine are 
taken in a round>bottomed flask and heated on a wster*bath under 
reflux condenser. The nitro-sulphonic acid mixture is then added 
from the upper end of the condenser tube, one c.c. at a time, at 
intervals of ten minutes. When the whole of the mixture is added 
th^ contents of the flask are heated for a further period mentioned 
a^inst the experiments, and in some oases, left to stand for some 
hours or overnight. The reacting mixture is then washed twice with 
distilled water in a separating funnel and subsequently with a very 
dilute caustic soda solution. It is finally again washed with distilled 
water and then dehydrated with fused calcium chloride and distilled. 
The fractiotf distilling between 15(>" and 170* is first collected. 
This fraction is re-distilled and the portion now distilling atl55°*165* 
is colli^cted separately and found to be rnono-bromo-benzene. The 
residue, if tmy, left in the distilling flask is crystallised from rectified 
spirit and identified. 

It is clear from the above table that any attempt to get a better 
yield of mono-bromobenzene by increasing the period of heating on 
the water-bath or by increasing the quantity of the nitro-sulphonic 
acid mixture or of bromine results in th^ decrease of the yield. 

Bromination in pretence of concentrated or fuming tulphurii 
acid . — ^The procedure adopted in this case is exactly the same as that 
mentioned in the preceding one. Here only concentrated sulphuric 
iicid 4^1*84) or fuming sulphuric acid containing 10 per 6ent. of SO, 
is used in place of the nitro-sulphonic acid mixture uled in the 
preceding case. The results obtained are summarised in Table 11. 
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3 

3 
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6 
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8 
9 

10 

11 

13 

13 

14 
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B^aene ' 

Bromine 

Aeeiio 

Niton. 

■nlpho. 

Bipt* 

(in O.O.} 

(in e.c.) 

acid. 

Dtomix*: 

i ■ 

1 



tore 1 
dn o.c.) 1 


inid 
iredfoi 
reaction 


Monobromo- Di»orpo(ir* 
derivative brmno or otbor 
(in gm.) derivativea^ 


10 


Ghloroben* ^ 
zeue 5 g. [ 

Bromobeo- 
zene 
(10 C.C.) 
Ic^obenzeuc 

(3*5 c,c.) 

,, 10 c.c. 


NitrobenzeDej 
(10 1 .c.) 
Toluene 
(10 ex.) 

p-Xylene 


IS 

1« 


o-Cbloroio- 
pineoe (5 c.c.) 
p-Iodo-tplo* 
eee (10 c.c.) 


I 8 c.c. 
I 4 .. 


6 

3 

6 

1*4 

2i 

0*9 

2 ? 

•2'.> 

2'<'5 

2*2 


1*1 

20 


10 

13 

10 

10 

10 


10 


5 

10 


!• 

4* 

4» 


5(dBy«» 


4t 

4* 


4» 

4» 


8*6 

8-0 

8*5 

10'2 

10*8 

9*1 

8*8 

9*0 

very little 


Hromo'chlo* 
robeuzene 
(3*5 g.). 
p-Dibromo* 
benzene 
(6*2 g.). 

p-Broino> 
iodo-beuzenel 

(2 0g.). 

p*BroiiH»* 
iodivbenzunei 

(log.). 

Xo change. 

|o* and p-Bro* 
motoluene 
(5-6 g.). 
5-Broiiio-xy 
lene (3*2 g.) 


No bromo 
derivative. 
No bromo 
derivative. 


Very little ia« 
atdoe left 


Some retidtie 
left. 

0-9g. of 1:3 ;5- 
tri. hromdben* 
zene. 

2*1 g. of P’di* 
Ibromobenaene. 
3*8 g. of p-iJi- 
bromobenzene. 
6*0 g. of p-di- 
broroobenzene. 


1*8 g. of iientii- 
bromohenzoic 
acid, 

4- Broino- xy- 
lene ; w-bro- 
inozylene 
(1*0 g.l. 
Tetrabroino- 
xylene 
(ro g,). 
Chiorobenzoic 
acid (8*tbg )< 
lodo«benaotc 
acid (4*4 g ). 


* Allowed to atand for two hotira more, 
t Allowed to aland overnight* 


Expt. 


Iw 


lorr#- 
ftctioo 
(in hrs.) 


0*8 g. of dibro 
mobenxene, 

0*6 dibro 


12 

BeoKcne 


aolphonio 
ncid 6 g. 

18 

Toluene 

1 

10 c. c. 

14 

Toluene 


lOo. e. 


lo c. c. 


little 

5*5 g. oC dibro 
mobensene. 

DO bromino' ) 
tion. j 


f 

5-0 1 


6*8 


bromo-deri* 

vative 

mainly 6« 
bromo^xy* 
tene ($*d). 

• 
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BTomincUon in prewnoe of oonoentrated or fuming mirio aoid 
or a minturo of nitric and oulphurie acid. » 

The procedure adopted in tide case is the swne as that described 
in the preceding ones. The results obtained are sununarised below. 
Concentrated nitric acid used in these experiments has the sp. gr. 
1*44 while fumming nitric acid has the sp. gr. 1*52. Fuming sul* 
phuric acid contains about 10 per cent, of sulphur trioxide. 


Table III. 


Bzpt. 

Benzene 
(in c*c«) 

Bromine 
(in c.c.) 

1 

Cone. iFuming 
HNO, 1 HNOg 
(in c.c.) ;(tn c.c.) 

i 


1 Time 1 

scUon ! 
pn bra.) j 

Mono- 

bromo* 

derive* 

live 

(in gme.) 

■n 


• 

10 1 ... 

... 

... 

4 

1-0 



•• 

10 

... 

... 


8•6^ 

d 



6 

... 

5 c«c. 

1 » 

8*8 

4 



««• i S 

... 

2 c.c. 


7-2 

5 

H| 

** 

... , 5 

5 c.c. 

1 



, 6*2 


4. Bromination in presence of sodium nitrite and concentrated 
or fuming satphuric acid. 

The experiments have been carried out in this case by taking 
benzene, bromine and sodium nitrite in n round-bottomed flask 
which is heated on a water-bath. When the benzene begins to boil, 
sulphturic acid is added from the* upper end of the condenser one 
c.c. at a time at interval of ten minutes. The flask is vigorously 
•shaken from time to time, when the whole of the acid is added, 
the reacting mixture is further allowed to be heated on the water- 
bath till 4 hours are completed. The resulting product is firsts 
washed with water, then with dilute caustic soda solution and 
finally agidn with water. It is dehydrated with fused calcium 
bHknride and distilled as before. l%e results obtained are 
summarised below. 
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Table IV. 


i 

t 

„ . ! BcDzaae 

1 (is C.C.) 

Bromioe 

(io 

Sodium 
ui trite 
(in gms.) 

1 

t 

1 

Time 
allowed 
fortbe 
reaction 
(in bra.) 

ICooo' 
broao- 
beDxene 
(m gma.) 

1 ; 10 

1 8 

5 

10 

... 

4 

6 

J 

I 

2 1 

1 8 

1 

15 

20 

... 

f • 

• 6*4 

9 ' t» 

5 

15 



». 

5 6-2 • 

4 

4 

15 




5-7 

5 ; 

4 

20 

20 


1 • 

4*8 

t 

1 

6 .» 

3 

12 

20 

*• 

tt 

58 

7 

3 

5 

•* 

10 c.c. 

T • 

5-8 

B 

3 

15 


15 c.c. 

I* 

5-3 

#* 9 

3 

10 

... 

20 e.c . 

{ 

6-2 
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TIm Action of Carbon Tetrachloride on 
Certain Mercaptans. 

By Sri Kriruna akd Sajjax Si nob. 


Heimer and lietnann {her., 1876, 9. 1285; ]877f 10, 824) inTeati- 
gaied the action of carbon tetrachloride on phenols in alkalme 
solution, and they found that carbon tetrachloride is but slowly acted 
upon when heated with an aqueous solution of phenol in excess of 
alkali, but in alcoholic solution the reaction pivMseeds more rapidly, 
the products being or/Zio-and pora-hydroxybenzoic acids. The pro- 
ducts, however, are quite different when the conditions of the experi- 
aaent are slightly altered, for instance, the production of aurine and 
rosolic acid from phenol and aalicylaldehyde which is an intermediate 
product, under the dehydrating influence of the excess of alkali (Ber. 
1877, lOt 824). It, therefore, seems that the action of carbon tetra> 
chloride and chlorofonu on phenols does not always proceed as has 
been shown by Keimer and Tiemann. 'Employing zinc chloride as 
a condensing agent Sen, Sinha and Sarkar {J. Indian Chem. 8oc,, 
lU2i^ 1. 3(f3) have obtained benzoins from phenols and chloroform. 

An attempt has now been made to study the products that 
result from mercaptans when heate<l with carbon tetrachloride and 
alkalis according to the above method. As a result of this investi- 
gation it is found that unsubstituted thiophenol gives thioaalicylic 
acid together with a large quantity of its disulphide. Substituted 
thiuphenols, on the other hand, prodi4:e an acid fiom their disul- 
phides. 

SK 

C.H,.8H+CCl*+6KOH = C.H*< 4-4KCl+4H,0 

C(K)K 


O 

2 (R O.H*8H) (B'O.H*.S.8-C.H**R) 


(R C.H* *8),.+ CCl* + 5KOH * R •CaH*-8.S.C.H* R-COOK 

+4KC1+8H,0. 


2 
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13iii shows that Bia aetlcm of alkali fliaUj la to oonTart the muf- 
oaptaa xoto a disulphido. This* howeaer. is not in aoeordahow with 
tha previous expetimoits where the disulphide is brolnn up hp the 
alkalis to form merciq;>taa8 (SohiUer and Otto. Bsr.. 1876. 9. 1687; 
Smiles and Steward, /. Chem. Boe., 1621, lit, 1794): 


HCO. O.H*- 00,H+H,0=sH0.C C.H*.8H 

+OHSC,H,*CO.H 

ISie ^ormatioD of the thiol derivatives from tire disulphide indi* 
oates that rupture of the dithio-system has taken plaoe, and sinoe 
it eannot be supposed that under these conditions the <dtaiif^ is due 
to direct reduction by any reagent present, it must be assumed that 
tile process is primarily one of hydrolysis which is effected by the 
alktii hydroxide. Zn the present case, high temperature and 
pressure at which the experiment is performed are probably respon- 
tiUe for the production of the disulphide. 

The view tiiat an acid from the disulphide is one of the products, 
is found to be oorreot, as it can be very easily reduced to the 
corresponding mercaptan and the acid from the mercaptan : 


B- C.H*’ S-8 C,H,B COOH-->>R C.H, SH 

+COOH*RC.H,SH. 

Bossibilities of the reaction taking a different course, from what 
is shown above are many, e.g.. 


ar.0 


cxrX) 

CJ Cl 


Such is not the case is borne out by the experimental results, unless 
we assume that on reduction the hydrolysis of the carbonyl group 
takes place : 



-■“ 0 ”* 0 -. 
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fl^4 produota obittbied i* wry mhaU wad in. aooA of 
Om oa^iiMiitawalo lnw il boosi aaon than 13 per cent. It ao 

dHlwmMw itt «h(i jdeide ni tliefl&el produota. whether ^ 

potao^wn IqrdwKide ie employed. 'Hda is brought out 
Reimer and liemaan ^e. ott.) insist on unng potassium hydroxide 
for obtaining good rwults. eapeciidly in presence of small amounts 
of alcohol. ^Hie results obtained in the present work show that the 
presence of alcohol in howsoever small a quantity is detrimental 
to the success of the experiment. 

Bilorts have been made to improve the yield of the products by 
employing suitable catalysts. Shah (.7. Indian Jn«f. Sci., 1024. 2(^ 
has successfully employed reduced copper in similar condensations of 
aniline and carbon tetrachloride, but in these experiments it is found 
that reduced copper and reduced nickel inhibit the reaction. 

The effect of temperature and the length of heating have also 
been noticed as shown in the following tables : 


l^mpwstvre. 


Hr*, ef hsstins. 


Peroentsge of < 
thiol acid. i 


Other prodocta. 


100-110* 94 

190-130“ 34 


13 1 Small qnantitj of ailka and 

> ! the rest anebanged together 
4 ) j with resinous prodocts* 


130-140* 94 

190-100“ 94 


8 

nil 


, Besinoua prodocta. 


Length of heating at lOO-llO*. 


• Hrs. of heating. 

pAroutage di the aeid lormads 

6 

9 

8 

4 

10 

0 


On longer be^ng varioiea leeiewse. 

94 

noneivatidHaalflo prodnetonwe 
termed. • 

89 


4b 

f 

48 

• 

8 
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' The usual metitod ol preparing thioplieaol Ixom bensenesujpi^nie 
acid end ^losphotous pentachloride and tihe reduction of the result^ 
ittg sulplKiayl ohloride U found to be lengthy and tedious ; it wasi 
therefore, prepared directly from bensene and chloreulphonic acid. 
The details of the method are given below. 


Experimbktal. 

Thiopitenol, CaHt.SH.'—lnto a Bask containing chlorsulphonic 
acid (600 g.» 5 mols.) cooled to 0° was added drop by drop from a 
separating funnel pure dry benzene (60 g.) in the course of an hour. 
As soon as a drop came in contact with chlorsulphonic acid, 
hydrogen chloride was evolved and the temperature rose. In order 
to avoid any undue rise in temperature, the mixture was thoroughly 
stirred. When whole of the benzene had been added, the mixture 
was warmed on a water-bath for an hour at 6.>-70°. The mixture 
was cooled and poured over crushed ice. when benzene sulphonyl 
chloride separated out as a white solid (,vield 80 per cent.). The 
acid water was drained off and more ice added. The process was 
repeated thrice when most of the acid was got rid off. It is difficult 
to filter the sulphonyl chloride on a water-pump, as it melts at a 
low temperature. 

The sulphonyl chloride (20 g.) thus obtained was theh added in 
small portions to cooled (O'^} 50 per cent, sulphuric acid (80 o.c.) 
and the calculated quantity of zinc dust (40 g.) was added to the 
mixture without letting the temperature rise. The ffask was then 
fitted with a reflux condenser and shaken for half an hour, any rise 
in temperature being avoided. The mixture was then heated on a 
small flame for five hours and then steam distilled w'hen theophenot 
came over as a pale yellow liquid. 

o-Thiotbenzoic Acid. — A mixture of potassium hydroxide (86 g.) 
disolved in a small quantity of water, thiophenol (12 g.) and carbon 
tetrachloride (17 g.) were sealed in a thick glass tube and heated 
in a furnace at 100-110° for 24 hours. The contents of the tube 
(yellow liquid and brownish red solid) were washed into a beaker 
and excess pf carbon tetrachloride removed on a water-bath. ‘ On 
cooling the mixture was extracted with ether to remove unacted 
ihiphenol and disulphide, and the aqueous layer, after* filtration, 
wqs rmidmred acidic when a yellow precipitate settled down. It 
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orystoUiaed &om ide<^bol m white needles, m,p. 177**, The analysis 
agreed with tite formula f(Hr o>tliiolbem»oio acid. (Literature gives 
the m.p/ 165* for O'thiolbeazoio acid). The potassium *sa]t was 
prepared and the analysis again showed this to be that of thiol* 
bensoio acid. 

Ai4'~Dichloro-&(?)-^arboxyl diphenyl dieulphide (SH:C1: 
COOHssl :4:6') was obtained by heating molecular proportions of 
p*chlorothiophenol and oarbon tetrachloride in a sealed tube for 
24 hours at 110 *. The contents of the tube, on remove of CCI 4 
and resinous matter, were acidified and the white precipitate thus 
formed was collected and crystallised; m.p. 210-12*. (Found: 8 , 19 
*67; 01, 21'42. C,aH»0,Cl«S, requires S, 10*33; Cl. 21*41 percent). 

Thiol 4-ehU>ro-2 (?} benzoic acid (SH: Cl: COOH=l: 4 : 2 ) was 
obtained from the above disulphide on reduction with sine and 
hydrochloric acid in alcoholic solution. On pouring the mixture 
in water an oil and a solid separated. The oil, on keeping, solidified 
and was identified as p-chloroihiophenol, and the solid, on 
crystallisation from alcohol, gave colourless needles, m.p. 110 **. 
XFound; 8 , 17*65; Cl. 18 50; C, 44 (>4 ; H, 2*83. CjH^O.SCl 

requires 8 , 10*97; Cl, 18*83; C, 44*50; H. 2*64 per cent.). 

2:2': 5:5' Tctrachlurv-0' {?)-carboxyl diphenyl dieulphide . — 
This was prepared from 1 : 4-dicblurothiophenul and carbon tetra- 
chloride. It crystallised from acetic acid in plates, m.p. 176*. 
(Found: 16*29; Cl. 35*22. C»,HeO, 8 ,Cl* requires Cl, 35*50^ 

8 , 16*00 per cent.). 

Thiols :5diohloroG {?)-bemoic acid 18H. Cl: Cl; COOH=l;2: 
5 : 6 ) was formed when the above disulphide was carefully reduced 
in acetic acid solution with r.inc dust. On dilution with water, the 
products were separated on treatment with sodium carbonate. The 
add obtained on neutralisation with mineral acids was crystallised 
from alcohol in needles, m. p. 122* (D.U.P. 234375 gives no melting 
point.) (Found : C. 37*65; H, 8*10; Cl. 31*44; 8 . 14*60. C,H*0,CI,S 
requires C, 87*66; H, 1*79; Cl, Si sl; 8 , 14*85 per cent.). 

4:4'-Dimethyl‘9’ i?)-carboxyl diphenyl dieulphide was obtained 
from p-tolyl mercaptan and oarbon tetrachloride. It was crystal- 
lised from acetic acid in needles, m.p. 156*. (Found : 8 , 21*71. 

8 , requires 8 , 22*06 per cent.). , 

rhtol-4-mefhyf-3 (?)- 6 snsofc acid (SH;CH,,COOH=l :4:8) 
was obtained from the above disulphide on reductimi in acetic acid 
solution. It oi^stallises in needles, m.p. 82* (D. B. P. 216269 
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^▼60110 iaaltinig point). {Found: 0, S6*71; H. 5*01; B» tBiM. 
OsHfeOaS inquired C, 57*14; H. 4*76; 8, 10*04 per eeot.). ^ 

4:4*-Ptamhuh$fi1)^rhoxyl Sipkenj/l dttttipAtd« hpdrctMoruU 
was pr^ered firam p-aitsoUiiopluaicd and GCI 4 . It oryatalliaea from 
akM^iol in ocdoorleaa plates and chare at 280**. (Found: 01> 
19-21; 8 , 17*78. C„H»*0,CI,H,S requires Z, 17*68; <3!, 10*45 
per cent.). 

Thioh4~amino~B {?)<-bennoic acid hydrochloride (SHtNH^tOOOH 
si :4:8) was prepared from the above disulphide on reduction with 
sine and hydrochloric acid. (Found: C, 40*88; H, 4*21; N. 6*60. 
OaHsOaNSCl requires C, 40*87; H, 8*80; N, 6*81 per cent.). 

f4:4'-Dibromo-6*(?ycarboxyl diphenyl dieulphide was prepared 
from p'bromothiophenol and carbon tetrachl<»ide. It orystaUises 
from acetic acid in needles, m. p. 241'42°. (Found : Br, 
37*88; 8, 15*60. C,aH,Oa8.Br, requires Br. 88*09, 8. 16*20 
per cent.). 

On reduction in acetic acid solution with sine dust it gives p*bro> 
mothiopfaenol and t5toi-4-6rotNo-3(?)*bensotr acid (SH :Br:COOHs. 
1:4:8), which crystallises from alcohol in silky needles, m.p. 210**. ~ 
(Found: C, 35‘65; H. 3*11; S, 1401; Br, 33*98. C,H,0,SBr 
requires C, 86*05; H, 2*14 ; 8, 13*78; Br. 84*38 per cent.). 


Usivtum CannoAi, Labobatobt, 
^ Laboec. 


Received April 14. 1937. 



A Note on a GoB^watiwo Btadjr of tlie Preparation 

* of Anthraqninona. 


Bir Paoumo Saoat V/uima aho Jyotsna Lal Das Oupta. 

AMMOfte half been made by the authors to make a ot^parative 
study of the Tarioua methoda described in Uterature for the oxidaticm 
of anthraoene to anthraquinone. 8o far Fischer’s chromic acid 
method has been found to be the best to giving the maximum yield 
but the process invcdves the use of materials which are compara- 
tively costly. A eheaper and fairly satisfactory method of oxidising 
anthracene has been devised by using oxides of nitrogen. The yield 
of anthraquinone obtained by different methods is summarised 
below: 


Yield, of •nblimed sathrs- 





qnioooe from 5 g. ol 
pore sotbraoMM. 

1. 

Chromiipi trloxidA «iid giBcial aoetic 
(Gra«be slid tddbmikmun*n msthod) 

acid 

S’6 g. 

a. 

^duromiiim trioxida sod gisaisi acetic 
(aa modidad by Fiacher) 

acid 

4-3 

a. 

Sodiom dkibrooiala aad aul^sric acid 


3*0 

4. 

Sodium oitrala sod msgoasioiD cblixrtda 


a-8 „ 

s. 

Nitric setd sod glseisl soatic acid 

... 

30 „ 

6. 

Dilota oiiric said 

- 

9*3 „ 

7. 

Sodium oilrsla sod aulpbofic sold 

... 

3*9 „ 

8. 

Sodiom oi^la sod soatto said 


9*4 .. 

9. 

• 

Oxides of aitragea io preseoee of water or 
tsefeiflsd spiff t 

8*0 „ 

10. 

Oxides of aitragea ia prssaaos of solphorie 
s^* tests or stsoag 

• 

9’a „ 

u. 

OxMss of attrogSB is ptestnos of soetto odd 
«r oUesslBrsi* or osrboa tetrsobloiido or 
bSBSsas or dItiobsasoBS >t> 

i*a to s*a g* 
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la the case of the oxides of oitrogea the procedure adq^tfd has 
been as follows:— • « ' 

The oxides of nitrogen obtained by warming arsenious oxide and 
stnmg nitric acid are passed in anthracene {5 g.) suspended in watw 
(25 e.c.) or rectified spirit (25 o.o.) or other solvents mentioned 
above. There is no apparent change for tlie first few minutes. 
The temperature then begins to rise gra<hially and remains stationary 
between 00** and 70** for some time. Meanwhile the substance turns 
yellowish. The absorption of the gas is not so rapid in the case of 
water astsome of it escapes unabsorbed but it is comparatively rapid 
in the case of rectified spirit and other solvents. The mixture is 
shaken from time to time. When no more gases are seen to be 
absorbed, the reacting mixture is removed and warmed on water-bath 
for about an hour. Considerable evolution of the oxides of nitrogen 
takes place during this time. The solid residue left is separated, 
pressed between filter papers, dried and sublimed. 

Cbshical Larosatobi', 

Himiw UsivfB^nT, Bbrabbs. . 

Receited, April 28, 1927. 



Zlae Oxidt m a genml Sensitisar lor PhotodMmieal 

Reaetioiif. 

Br A. %. Bhattaobabya abd N. B. Dhab. 

li a system is not sensitiYe to light, it suffices at times to add 
to it a sm^ quantity of another substance in order to make it 
sensitiYe to the action of rays absorbed by that substance. This 
action is known as photochemical eeneitUation and the substance, 
which absorbs the light and provokes the reaction without apiter- 
ently taking p«rt in it. is called a $en$ifiser. 

There is a class of photo-sensitisation in which a system which 
is chemically influenced by certain radiations is rendered sensitive to 
rays of another wave-length by a substance which absorbs these rays. 
Several years ago (Weigert, Zeit. phyeikal. Chem., 1912 , 80 , 103 ) 
showed that ozone, which is decomposed by ultraviolet rays but not 
•much by visible light is decomposed readily under the action of 
blue light when mixed with chlorine. Similarly in a foregoing 
paper {Zeit. anorg. Chem., 1923 , 128 , 212 ), we have shown that the 
decomposition of Fehlings' solution, cupri-ammonium oxalate, 
Eder*s mixture [HgCI, and (NH 4 )«G, 04 ], a mixture of mercuric 
chloride and a tartrate etc., can be markedly accelerated by ferric 
or uranyl salts under the influence of sunlight. Moreover, eosin, 
chlorophyll and several other substances have been used as 
sensitisers. 

In a foregoing paper (Zeti. phyeikal. Chem., 1926 , 120, 802 ), we 
have explained photo-sensitisation from the point of view of the 
activation of molecules from the Franck-Cario point of view. For 
example, in the sensitisation of the decomposition of ozone in presence 
of chlorine, we can assume that by ike absorption of blue light, the 
chlorine molecules get activated and such chlorine molecules are 
instrumental In bringing about the decomposition of ozone or- the 
photochemical combination of hydrogen and oxygen in sunlight as 
observed by Norrish. Similarly, by the absorption of visible light, 
a* iholeoule of chlorophyll is activated and this ^tive molecule 
induces the chemical change between carbon dionide and water 
vapour*in plants. 

In this investigation we have carried on numerous expmdments 
wltii several photochemical reactions in presence of finely divided 
8 
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sino oxide as a sensitiser. We have observed that sine oxide behaves 

C 

as a very powerful senedtiser for several photochemical reacjiiens. 

In previous papers {Zeit. anorg. Chem., 1024, ISif 172 ; Jour. 
Phys. Ohem., 1925, 29 , 026), we have shown that the velocity of 
sugar inversion in presence of acids is markedly accelerated by 
light and that inversion of cane- sugar takes place in sunlight even in 
the absence of acids. We have now observed that sugar inversion 
and hydrolysis of maltose can be markedly accelerated by sunlight 
in presence of zinc oxide as a sensitiser. 

The fallowing reactions have been found to be sensitised by zinc 
oxide in presence of sun light : — (1) Decomposition of Fehlings’ 
solution ; (2) decomposition of cupri-ammonium oxalate ; (3) forma- 
tion of reducing sugars from formaldehyde ; (4) formation of reducing 
sugars from glycerol; (5) oxidation of methyl or ethyl or propyl 
alcohol to the respective aldehyde by air; (6) formation of metallic 
gold from gold chloride; (7) formation of metallic platinum from 
platinic chloride ; (8) oxidation of quinine sulphate by chromic acid ; 

(9) oxidation of potassium iodide by potassium persulphate; 

(10) oxidation of sodium citrate by iodi.’^c ; (11) oxidation of oxalic 

acid by iodine; (12) oxidation of potassium tartrate by iodine; 
(13) hydrolysis of maltose; (14) oxidation of sodium formate by 
iodine'; (15) oxidation of iodoform ; (10) oxidation of potassium 
tartrate by bromine ; (17) oxidation of sodium nitrite by iodine ; 
*(18) oxidation of hydroxylamine hydrochloride by iodine ; (19) 

oxidation of hydrazine hydrochloride by iodine ; (20) oxidation of 
sodium formate by mercuric chloride ; (21) oxidation of sodium* 
sulphite by mercuric chloride ; (22) oxidation of hydrazine hydro- 
chloride by mercuric chloride ; (23) oxidation of (NH*),C,0* by 
mercuric chloride ; (24) oxidation of potassium tartrate and 
mercuric chloride ; (25) oxidation of sodium malate and mercuric 
chloride ; (26) oxidation of potassium citrate and mercuric chloride; 
(27) oxidation of sodium lactatb and mercuric chloride ; (28) oxida- 
tion of sodium dichlor-acetate and mercuric chloride ; (29) decom- 
position of mercuric oxide ; (30) decomposition of aqueous solutions 
o£SMnO«; (31) decomposition of potassium oxalate ; (32) decompo- 
sition of aqueous solution of potassium persulphate. . , 

The follow;)ng reactions are also sensitized by substances other 
than ZnO but in all the reactions ZnO is the best sensitiser. i 

(1) Potassium tartrate and HgCl^ — acceleration by ferric and 
fexroiv> chloride, KMnO«, uranium nitrate and A1,0,. t 
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(2]^ Sodium formate and HgCl, — in presence of Al^Og and 
MnOa. • • 

(8) Ammonium malonate+HgGl, — in presence of AlaO.* 

(4) Sodium malate+HgCla-^in presence of Al,Oa. 

(5) Hydrazine hydr^hloride+HgCla-— in presence of Al,Oa and 
erytfarosin. 

We have also investigated the effect of zinc oxide on the de- 
colourisation of solutions of dyes when exposed to sunlight. The 
solutions of the dyes were exposed to sunlight in dishes in presence 
of air. The concentrations of the dye solutions were obtained from 
the measurements of the extinction ooeffieients. * 

To determine the extinction coefficient the dye was kept in a 
glass cell and placed before a Nuttings spectro>photometer and the 
absorption was read on the density scale of the instrument. 
Knowing the thickness of the cell, the extinction coefficient was 

calculated by the formula. Extinction coeff . = — 

Thickness 


10 c.o. taken in a glass dish.: 0*1 gm. of ZnO was added. 
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No. 

l^ee. 

Begion in 

A unite. 

Time 
H. M. 

Bztinotion 

ooeff. 

nnespoeed 

(dark). 

BxtiDotiadii 

ooeff. 

ezpoeed 

(sunlight). 

Bx^ndlioa 

,.4K)eff. 

' ezpoeed 
witbBnO 
(eonUght). 

6 

1 

Anilina Blue ‘1 

Do, + ZnO 5 

6880 

1-0 

6*668 

2*442 

0*897 

7 

NigroBiD 

Do. +ZnO 3 

5840 

1-0 

1*399 

1*299 

0*130 

8 

* 

Genatian ) 

Violet > 
Do. -fZnO ) 

5700 

1-0 

1-584 

1*065 


9 

Malachite *) 
Green > 
Do. +ZnO J 

5840 

1-0 

2*078 

2*078 

0-312 

10 

Methyl *) 

Violet j 
Do» + ZnO } 

5040 1 

i 

1-0 

0*805 

0-737 

0-104 

11 

Indigo 

Carmine V 
Do. ZnO j 

5040 i 

] 

1-0 

0-779 

0*779 

0*15H 

13 

Water ') 

Bine [ 
Do. +ZnO ) 

1 

6589 

i 

1-0 

1091 

1-040 

0*935 

18 

Allizarin 1 
Blue> 
Do. + ZnO ) 

5340 { 

■ j 

i 

1-0 

4*571 

1 

4-881 

1 

4-468 

14 

Caprlc ) 

Bine [ 
Do. + ZnO j 

j 

5360 


1*351 

1-347 * 

0-rq86 

16 

Aniline Victo- 
rian Blue ? 
Do. -fZnO j 

5240 

1-0 

2*857 

3-887 

1-091 

B. 

FZiOUBBaOSNT 

Drsa. 





< 

16 

Boain ? 

Do. -4- ZnO C 

5520 

< 

1-45 

1*506 

0-671 


17 

Floureacein 7 
Do-fZnO y 


1-45 

1-114 

0-649 

0*104 

16 

19 

Bhodamine ^ 

Do4-ZnG 3 
Brythrosine^ 

Do 4* ZnO 3 

5640 

5480 

1-45 

1-45 

1-974 

8*636 

1-348 

3-308 

1 - 

0-610 

‘ 0*737 
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No. 

« 

Begion in 

A noito. 

Time 
H. M. 

Bxiinetion 

coeff. 

unexposed 

(dark). 

[ 

Extineticm 

coeff. 

exposed 

(sunlight). 

\ 

Bxiiiiotion 
coeff. 
enoeed 
wiw ZbO 

(■BBlight). 

ao 

Uranine “> 

Do. *zoo y 

6 ^ 

1-45 

1'117 

1*065 

0-779 

21 

Pjronine O. "i 
Do. *ZnO y 

5860 

1-46 

2*441 

2*208 

2-078 

22 

Aoridiae Bed ^ 

Do. -t-ZoO 5 

5360 

1-0 

i 

1*714 

1-688 

• 

0*883, 

c. 

Rsti Yblix)w 
AND ObANON. 






23 

BoaeBengale^ 
Do. 4-200 3 

5920 

2-30 

1*506 

1-361 

1-273 

24 

• 

Coogo-Bed ^ 
Do. 4-ZiiO 5 

5840 

2-30 

1*558 

1*558 

! 

0*987 

25 

Aorioo 

Do. 4* ZoO 3 

5680 

1-0 

1*247 

0*935 

0*519 

26 

• 

Magenta 

Do. 4- ZoO 3 

5840 

1-0 

1*818 

1*091 

0*758 ' 

27 

Aniline Bed ^ 
Doe 4-ZnO 31 

6160 

1-0 

2*203 

1*091 

1*040 

28 

Aniline 'I 

yellow > 
Doe 4- ZnO J 

5120 

1-0 

2*078 

1*974 

0*812 

29 

Anramine 

Do. 4- ZnO 3 j 

4480 

1-0 

1*040 

• 

0*084 

0*084 

80 

Methyl ) 

Orange > 
Do* 4*200 y 

5040 

1-0 

! 

1 2*727 

2*867 

1*948 

81 

« 

Pnrpnrin ^ 

•Do. 4* ZnO 3 

5589 

1 

1-0 


0*883 

. 

0*864 

88 

Tropeoolin 

Do. ^ ZnO 3 

5560 

1-0 

0-779 

• 

0*727 

1 

0*510 

1 
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No. 

Dyes. 

B^ion in 

A units. 

Time 
H. M. 

Extinction 

coeff. 

unexposed 

(dark). 

Extinction 

coeff. 

exposed 

(sunlight). 

Extinction 
<c6elt. 
exposed 
with ZnO 
(sunlight). 

88 

Aniline 

Soar Itffe ( 
Do* +ZuO J 

5780 

1-0 

1-398 

ft 

1*194 

1-091 

34 

Theonine 

Grubber > 
Do, -f ZnO j 

5360 

1-0 

1039 

-984 

•888 

85> 

f 

Thioflavine ^ 
Do. + ZnO / 

5360 

1-0 

4*675 

1-558 

1089 

36 

Corcus Bed 1 
Do. +ZnO i 

5240 

1-0 

1091 

•678 

•623 

37 

Bosaniline 'j 

Do. + ZnO J 

5240 

1-0 

1 195 

1*089 

2-387* 

38 

Acridine ^ 

Orange > 
Do. +ZnO J 

1 

5360 

1-0 

2*340 

2*078 

1*948 • 

39 

Acridine 

Yellow V 
Do. 4* ZnO J 

5360 

1-0 

1*299 

1-195 

•987 

*40 

^ Aeeculin ^ 

Do. ZnO / 

5360 

1 1-0 

1*649 

-597 

•416 


With alizarin blue and methyl orange, there is a slight increase 
in the concentration of the solutions after exposure to sunlight. This 
is due to the fact that these dyes are not oxidized at all by air in 
presence of sunlight and a little water is lost by evaporation from 
the solutions after [exposure to air lor an hour. 

In diffused light there wah no change in the colour of the dyes 
with zinc oxide- The bleaching of the dyes was noticeable in a 
short time when the solutions were exposed to sunlight with zinc 
oxide. 

As a genera} behaviour it was found that the dyes which absorb 
light of longer jvave-lengths and are of the type blue, green, violet, 
etc., much accelerated in their bleaching in sunlight ^by zinc 
oxide. The next in order comes the fluorescent dyes which also 
absorb^ light of longer wave-lengths, and lastly ate the dyes of re^, 
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orane^ and yellow type whioh absorb li^^t of shorter wave-lengths. 
There fwe only very few exceptions to the above generalisation 
which might be due to impurities. 

In recent papers Baur and co-workers [Helv. Chim. Acta., 1924, 
7y 910 : Tram, Faraday. 8oc., Oct. 1925, p. 629) have investigated 
the sensitising influence of zinc oxide on the photochemical decom- 
position of an aqueous solution of silver nitrate and methylene blue 
in absence of air. 

In the case of the decomposition of silver nitrate, Baur and Ferret 
{loc. cit.) represented the process schematically as follows :-A 

[ 0 -1- AgNO,-|-OH' — ^ Peroxide — >• Oxygen. 

© + Ag- — >Ag. 

We are of the opinion that this scheme of Baur is unsatisfactory, 
because there is no experimental evidence in support of the above 
views, and the decomposition of silver nitrate can be easily under- 
stood from the following considerations: — It is well known that 
salts of heavy metals like silver, gold, platinum etc., have a 
tendency to decompose and in presence of light, solutions of these 
salts decompose readily. In presence of zinc oxide this decompo- 
sition tendency of silver nitrate is increased. 

We *aro of opinion that in presence of light the molecules of zinc 
oxide absorb the incident radiation and become activated. The 
activated molecules of zinc oxide come in contact with the molecules 
of silyer nitrate and activate them by the transference of energy 
from the molecules of zinc oxide those of silver nitrate. The 
decomposition of silver nitrate takes place according to the following 
equation : — 


2 AgNO,-l-H.O < — ■ 2 Ag-f2 HNO, 

In addition to the sensitising effect, zinc oxide has also the 
function of neutralising the nitric acid which is set free and thus 
helps the decomposition of silver nitrate. We have observed that 
in presence of calcium carbonate, strontium carbonate etc., whioh 
also neutralise the free nitric acid, solutions of silver nitrate appre- 
ciably decompose in sunlight, but the effect of calcium carbonate, 
or strontium carbonate is not as great as that of zinc oxide whioh 
also acts cm a marked photochemical sensitiser. • 
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In a recent p«^er GhakraTexti and Dhar (Z«tt. anorg. Hhttm.t 
1925, liBy 299) have diown tlu^ solutions of dyes are (mstable in 
presence of light and they can be readily oxidised or reduced under 
suitable conditions. We have shown that in presence of air several 
dye solutions are readily oxidised in presence, of light, and in this 
pi 4 >er we have shown that this oxidation of dyes is markedly 
accelerated by zinc oxide. Moreover in the same paper Chakravarti 
and Dhar proved that the solutions of dyes can also decompose in 
presence of strong ultra-violet or sunlight just as solutions of potas- 
sium permanganate, potassium persulphate or ammonium nitrita 
decompose in presence of strong light. In this paper we have proved 
that the decomposition of potassium permanganate, potassium per- 
sulphate etc., in sunlight is accelerated by zinc oxide. 

Baur has represented the photolysis of methylene blue in presence 
of zinc oxide when air is not present in the following way : — 

f 0 methylene blue — > products of oxidation. 

ZnO< 

t © + methylene blue — > leuco compounds. 

We are however of the opinion that these dyes which are un- 
stable substances decompose in sunlight in the same way eis the 
solution of potassium permanganate does in sunlight. It is likely 
that the decomposition of dyes can in some cases be compared 
to the decomposition of nitrous acid, hypophosphorous' acid, phos- 
phorous acid etc., according to the following equations: — 

3 HNO, V ^ HN0,-r2NO.|-H,O 

4 H,PO, 3H.PO.-HPH, 

2 H.PO, > H,PO*-l-PH, 

The photochemical decomposition of nitrogen pentoxide has been 
fqund by Daniels and .lohnston (J. Amer. Chem. Soo., 1921, iS, 68, 
72) to be accelerated in visible light in presence of nitrogen dioxide. 
We are of opinion that nitrogen dioxide acts as a sensitiser in the 
photochemical, decomposition of nitrogen pentoxide, just as chlorine, 
sensitises thp photochemical decomposition of ozone. 

Further w^k on photo-sensitisation and photo-inhibition is in 
progress in these laboratories. 

c 

dammojuu luBOSArosy, A«c«ii>«4 April 14, 1087. 

Itei UiirvBBsm, Auababad. 



All Experimental Gontrllmtion to ^ Tlieory of 
Equation of State for Adsorbed Snbstanoes. 


Hiba JuAI. Boy. 

• 

If one oottBiders with Langmuir ( 0 - 9 ^ 9 )^ *■ ae the two 
dimenaioni^ osmotic presstire of the dissolved substance on the 
surface, then according to Volmer iZeit. phyaikal. Chem., 1025, 
250, cf. also Adams, Proe. Boy. 80 c., 1922, A lOt, 526), one 
can deduce a characteristic equation for adsoxbed substances which 
fsom the measurements of adsorption of benzophenone on mercury 
has been found to take the following form : 

.• IT (0-/8)=s RT ... ... ... (1) 


where Oss the surface which contains a gram molecule of the dis- 
solved capillar-active substance. 
psss %GOz*eetion-factor, t.e., twice the surf ace actually occupied 
by a i^ram-molecule of the dissolved substance. 


Assuming ^ to be very small compared to 2 , Volmer (loc. otf.) 
obtained the following relation between w and c :~ 


also 


RTc 

T+W 


_ 1 - e 
“O'” F-|-2/8e 


( 2 ) 

(3) 


Integrating the well known Qlbb's equation (Milner, PhU. Mag.t 
1907 , ^ one obtains the fedlowing equation which hay already 

been foimd empirically by Ssyskowski {Zeit, phymhal, Chem^t 1006, 
61, dOf) 






4 
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If one aooepta equation (1) to be sufficiently oorreot, then equaMonc 
{8) and (4) assume the oharaoter of approximations. If* equation is 

used without neglecting the higher powers of ^ ^ then we have, 
from (1) and the Gibb’s equation^ 

RTi*?« BT~+i8d». 

t 

which on integraticm gives 

BT lnc+/S=s BT In ir+/8ir ... ... (6) 

The present woih deals with general validity of equation (2) which 
has been found to hold good in the case of saturation of mercuiry 
with benzophenone. 


Experimbntax.. 

..... f 

The surface tensions were measured by a modified form of the 
method used by Sugden (J. Cftetn. 8oc., 1921, 181, 1). [Sohroedinger 
equation (4nn. Pky»., 1915, [IV], iS, 413)]. 

A capillary tube (K) with the end out as sharply at possible is 
dipped in the' liquid, and the maximum pressure of the gas (air or a 
suitable indifferent gas) at the exit of the bubble is measured. A 
sketch of the arrangement used is given in Fig. I. , 

P and Q contain the solution and W contains water. Behind 
the vertical IJ>tube M, containing a dilute coloured solution is 
attached a millimeter scale to read the difference in level between 
the two arms of idle tube. * The height ■ of the solution above the 
capillary end B is read with a cathetometer. O is detachable a^ 8 
stiii B being provided Vith ground in glass joints. The capillary 
tube is fused into a wider tuKe which fTfs exactly into the ground In 
joint at B. When cock L is closed and H opened, water fiows out 
of W, a partial vacuum is created and air enters into P gets satu- 
rated with the vapour of the solution, and bubbles through the 
capillary tube. The mudmum pressure difference is proflortibna) 
to has ha,— k. where h«as the reading of water manometer, and h.as 
height of the solution as measured by the oathelbmeter. The 
eapi]lary>6nd mu^ji. be mad^ As far as possible cireular in shape and 
very sharply cut. The diameter as measured by micrometer was 
found to be about 0*0048. mn. 
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To ascertain that the capillary opening has not been enlarged by 
gradual « 9 olution of the glass or narrowed down by any impurii^, 
measurements of the surface tension of pure water and bmuEene are 
carried Out before every series of experiments. A new capillary 
made and its shape and diameter measured where necessary. The 
smallness of the oapillaj7 allowed a level-difierence, h. of 480 to 
630'5 mm. and under these circumstances, the terms contmning 
the factor (r/h) in Schroedinger’s equation may be neglected. 

But in the case of solutions of capillar-active substances the 
maximum pressure sinks slowly down, while the number of bubbles 
coming out per unit time decreases. If the air within the bubble is 
assumed to be saturated with the vapour of the solution, the cause 
for this slow establishment of equilibrium must b^ attributed to the 
fact that the formation of the bubble dilutes the surrounding solu- 
tion through adsorption of the solute - and the next bubble has a 
poorer solution around it. The original concentration is reached 
slowly as is well known. Similar relations have been observed in the 
case of drop-electrodes. In every case readings were taken with 
decrghsing number of bubbles in a given interval and the limiting 
value for infinitely slow formation of bubbles was obtained by extra- 
polation. 

In this work ordinary distilled water has been used throughout. 
The cheiRicals used in this investigation were obtained from 
^Kahlbaum. The fatty acids were subjected to fractional distillation 
and their purity tested. 

Retulia and DUcuttiona. 

Volmer {loc. cit.) states that at small concentrations equations 
(2) and (4) are identical. Equation (4) may be written as : — 
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H £m«U« thee the values at v eoeording to (4) 

* 

are greater ihae those derived from (2). In the following Tables 
(I- VI), V is oaloulated by a method of approximation (to be discussed 
later) according to both these equations. The surface tensions are 
in dynes cm. and concentration in gram-mol litre. 


Table I,, 


xx-Butyiic Acid. 


(Sayskowski— 20°) 


y8= 5-82xl0» ; fcs= l-6xl0» ; T=s 72*66. 


ConcentTBtion. 

ir observed. 

IT cbIc. (Eq. 2). 

IIIIKSIKSSS9EISSSEI^^ 

0*0242 

4-36 

4*55 

4*e«8r 

0*0363 

6*50 

6-47 

6*54 

0*0345 

9*01 

9*08 

9*15 

0*0917 

12*21 

12*23 

12-56 

0*129 

15*81 

15*92 

16*77 

0*184 

19*95 

20*17 

21*95 

0*276 

24*27 

24*3 

,27*e 

0-414 

28*92 

28*3 

84*4 

0*6205 

33-75 j 

1 

31*7 

1 

41*4 


Table II. 

n-Voi«rlc Acid (17*5°). 

/8= 4*65xl0»; fess 0*B94X10»; T=72*9. 


. Concentration. 

w observed. 

1 

2 r calc. (Eq. 2). 

IIIIIIQQII^^ 

0*0093 

6*1 

6*14 1 

5-18 

0*014 

7*4 

7*86 

7-46 

0*021 » 

10-8 

10*6 

10-54 ’ 


14*6 

14*06 

14*67 


18*06 

18*7 

19*72 

0*071 

38*8 

28*7 

. 26*76 

0*107 

28-2 

29*0 

88*2 

0*160 

88*2 

1 83*9 

41*0 

, 0*240 

86*8 

88*6 

, «9*6 

*• 
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Tabub hi. 
n^Hexylic Acid. 


tas 8o« 4'8xlO»; fcs= 0129xl0». 


Gonoentratioo* 

« observed. 

ir calc. (Eq. 2). 

w ealo. (Sq. 4). 

0'00i26 

9-16 

6*96 

• 

6*95 

00064 

8*66 

9*9 

9*97 

00066 

12*66 

12*46 

12*66 

0*0128 

17*26 

16*86 

17*24 

0*0170 

21*01 

20*4 

21*22 


28*66 

23*82 

24*63 

0*0256 

26*64 

25*96 ! 

27*63 

0*0840 

29*91 

29*99 1 

33*1 

0*0426 

32*86 

88*0 1 

37*68 

0*061 

86*41 

86*6 

41*45 


38*46 

89*2 

47*88 

0*085 

41*86 

41*7 

1 

63*04 


TABX.E IV. 


n-Heptylio Aotd> 

t=19* C, therefore So =72 -66; /5=r 4*74xl0»; fe=0 0»lxl0». 


OoiioeBiratio&. 

* obeerved. 

IT calo. <Sq* 2). 

ir calc. (Bq* 4). 

o‘001059 

6*96 

7*52 

« 

7*92 

0*00264 

14*91 

14*98 

16*86 

OrOOSBl 

19*76 

19*6 

20*66 

, . 0*004887 

22*79 

22*7 ^ 

24*84 

0*00668 

24*96 


27*8 

0*00678 

96*76 

96*88 » 

29*6 

0*007776 

28*46 

28*6 

82*8 

9*008826 

80*06 

80*12 

84*6 

0*01069 

1 82*56 

1 82*4 

88^ 

• 

A 

\ 

\ 













312 


HIBA I 4 AL BOY 


Table V. 


rx~OctyUo- Add. 


ts=24“C, therefore 8o=71’93; /8=s 4*106 x 10*; fess 0*01016x10® 


CoBoentratioD. | 

yr observed. 

ir calc. (Eq. 2). 

w calc. (Eq. 4). 

0*0008861 

6*43 

7*18 

7*8 

0*0006722 

13*48 

13*03 

13*18 

0*001008a 

17*68 

17*4 

18*13 

0-001344- 

21*03 1 

21 *18 

22*24 

0*001680 

23*93 

24*3 

26*0 

0*0020166 

26*48 

97*0 

29*3 

0*002852 

28*9 

29*83 

32*25 

0*002686 

31*18 

31*3 

35*0 

0*003025 

33*23 

33*1 

37*5 

0*008861 

34*83 

34*64 

39*8 

i 


Table VI. 


n-Nonylic Acid. 


t=19®C, therefore 80 = 72*66; / 8 = 3*61x10®; fcr 0*00286x10®, 


CoBcentratioD • 

« 

ir observed. 

1 

ir calc. (Eq. 2). 

ir calc. (Eq. 4). 

0*0001520 

9*16 

10*88 

10*96 

0*0002298 

15 *03 

15*2 

15*4 

0*0008882 

22*04 

22*02 

22*95 

0*0004778 

25*58 

-26*8 

26*6 

0*000646 

27*89 

27*4 

29*8 

0*000687 

29*94 

29*98 

32*8 

0*0007646 

33*03 

33*0 

36*2 

0*0006^ 

81*48 

81*4 

84*0 


From these tables we see that. (2) and (4) are practically identical 
at small concentrations, but at higher concentrations they differ 
from one another. 

In fact ^ ^ readies values greater than 1 at higher ooncentra* 

tions, and therefore in those cases the equations are not applicable. 
Table VII in which values of (^) for two approximately equal 

t 

values- of w axe given, will make it clearer. 
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Tablb VII. 


Substance. 

3>cl0-» 

||||B||||H 

k 

(Gone.) 1 

D 


Cone, t 

m 


n- Butyric acid 

5'82 

1*15 

0*0868 

6*5 

0-184 

0*6205 

88*75 

8-14 

n- Valeric acid 

4-65 

0’894 

0-0098 

5*1 

0-1099 

0-160 

88*2 

1-86 

n-Hexylic acid 

4*8 

o-iae 

0*00426 

6*16 

0-1415 

0-0436 * 

33-86 

1-416 

n-Heptyiic acid 

4*74 

0*0291 

0*001059 

5*96 

0*1448 

0-01089 

83-6^ 

1*58 

n-Octylic acid 

4*105 

0*01016 

0*0008361 

6-48 

0*1867 


88-38 

1-333 

n-Nonylic acid 

1 

8*61 

0*00266 

0*000152 

9*16 

0*193 


88-03| 



In the case of higher fatty acids with little solubility the agree* 
ment between these two equations for all concentrations is certainly 
better but still not satisfactory. 

The area occupied by the molecules adsorbed on the surface 
can be calculated from the above only from the obseirvations at low 
concentrations. Such observations are not however as accurate as 
those at higher concentrations. Moreover, at very low concentra- 
tions, where in the adsorption layer the ideal gas laws almost hold 
good, the influence of fi is negligible and consequently it cannot be 
measured accurately. The actual area occupied by the molecule was 
for these reasons calculated according to the more rigorous equation. 
For the calculation of a and the following method of approxima- 
tion was used : 

First of all, from the measurements at two successive concen,- 
trations /3 was calculated according to the equation, 



^ then from all these values of the mean value was taken. 
With this fit, from the following equation, the values of a was cal- 
culated. 


a = BT In - + flgir 

« — ■ - 
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From them Talues of a, the mma voltte «, wm tehmi end tibra 
the mean Talue of ft (fi,) wm onoe more onlouloted. 

From tiiem Taluea of a and ft the ocampoodiag oonoentrationa 
were oaloulated from the observed values of w aooording to equation 


Inc « »Ti!LE_+^ 


and the differences were graphically determined. 

It is found that the values of v thus calculated show good 
, agreement with those obtained for the following solutions : (1) 
acetic acid, propionic acid (Drucker, Zeit. phycikal. Chem., 190&» tt, 
648) ; (2) propionic acid (Behbinder. ibid, 1924. Ill, 447) ; (3) i»> 

butyric acid, n-valeric acid, n-hexylic acid (Szyzkowski, toe. cit.); 
(4) n-heptylic acid, a-octylic acid, n-nonylic acid (Roy, vide 
cupra). 

We have also determined the surface tension of solutions of the 
substances mentioned in the following tables where the values of v 
observed with those calculated from equation (.*>) are also 
givw : ' 


Tabi.e VIII. 

Monomethylurea. 

t = 21’C;a=s 2-244.’»xlO'‘>; /S =s 12-24x10'*. 


Cone . 

• 

9 ob ». 

V ob «* 

» cmlc. 

Cooc . ciiKc « 

0*00 

72*37 

0*00 



i-sae 

, 6»*0 

i 2*77 

2*77 

1*207 

1*88 

< 08-98 

1 8-44 

3*04 

1-028 

2*00 

08*12 

4*20 

4*20 

2 ‘ 08 b 

2*01 

07*8 

I 

6*07 

6*07 

2*008 
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TASUt IX. 

8ytniu0trioal Dimethylurea. 
t s» aO“C; •= 5'06xl0*»; ^sl8*5xl0«. 


CoDO« 

^ obs. 

1 

V obs. 

1 

i weAle. 

Cone. oaIc. 

0*00 

79*53 

0*00 

j 

• 

• 

0*9075 

70-S 

2-513 

8*03 

0*8966 

0*636 

69*9 

3*38 

3*88 

j 

0*8864 

0*767 

68*9 

4-88 

4*88 

0-763 


670 

5-53 


1*049 

1*604 

66*6 

7*08 

7*08 

1*508 

' l'«36 1 

68*6 

8*08 

9*06 

1 

8*096 


Table X. 

Ethylurea. 

t as 19-5“C; «as 6*29 xlO‘®; /Ja= 9*04 xlO*. 


„ 1 

Cone. 1 

s 

1 « obs. j 

w ob«. 

w Clklo. 

Cone, cftic. 

0*00 

1 T 9'66 

0 ‘ 0 D^ 

« « V 

«*• 

0*8736 

1 69*6 

i 

8*06 

8*8 

0*8684 

0*647 

1 66*66 

; 6*76 

5*85 

j 

0 * 4847 * 

0*69 

i 64*6 

1 6*1 

i 8 * 1 . 

0*886 

« ‘i -ao 

1 61*4 

11*8 

10-9 • 

1*976 

1*646 

68*0 

14*6 

14*8 

' 1*896 

8 * 04 » 

66*1 

17*6 

17*6 

8*68 
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TABt.B XI. 

SymmetrictA Diethylurea. 
t * 19'5"Cj ass 10*14x10*®; 14*7 xlO®. 


C<nio. 

or obs. 

w obs. 

wgmm 

Cone, ealo* 


72-6 

0-00 



0-0461 

70*0 

2-6 


0-0466 

0-09025 

r 

67-9 

4-7 



0*1805 

65-4 

7*2 


0-1706 

0*2344 

63-7 

8*0 

Almost the 

0-235 




same Tslues 



62*15 

10-45 

as those 

0-3023 




observed. 


0-4032 

60*32 

12-28 


0-dlMS6 

0*524 

68“4 

14*2 


6-516 

0-681 

56-15 

16-45 


0'6a-) 

0-8173 

55-2 

18*4 

18 0 

0*8(U 


Table XII. 





Phenol. 



t 

= 19®C; a = 

12*8x10*®; fi 

s= 10*24x10 

ft 

l^gi 

O’ obs. * 

1 

w obs. 1 

w calc. 

CoDC. calc. 

0-00 

72-66 

0*00 

f 


0-02505* 

69-75 

2-91 

! 4*26 

0-0166 , 

00501 

66-4 

6-26 

7*26 

0*0418 

0-084 

62-1 

10*66 

10*66 

0-0834 

0-1002 

60*7 

11-76 

; 11*96 


0*1252 

58*9 

13-96 

13*76 

0*1247 

0*1606 

^ 66*6 

16-06 

16*06 1 

: j 

O-l'.iOO 

0*1841 ' 

65-2 

17-46 

17*46 

0-1802 

0-2067 

63-6 


18-76 

0*2166 

. 0-2504 

61*2 

21*46 

'20-66 j 

1 

0-^706 
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From tbe above we see that in tbe ease td low«r fatty aoida» 
the agreement between the values oidculaied aooovding to the 
equation (5) and those observed are satisCaetory up to middle 
ocmoentrations. For the higher homologues with decreasing s(dtt- 
bility the sgreement between these values aie satisfactory up to 
the highest concentrafimis studied. Also we find that in the ease 
of the higher fatty acids, no matter according to which equation 
the values of v are calculated, the tension at lower concentrations 
are always greater than those calculated {vide Fig. 2, tor n<butyric 
and n-nonyJio acid). The (a, cone.) curve has bend in that, region. 
This anomaly which has also been noticed by Lord Baleigh (PhU. 
Mag., 1889, W. 881) and Langmuir cannot possibly be due simply 
to errors in experiments. That this effect depends only on the 
electrolytic dissociation, which at smaller concentrations must reach 
its maximum, appears also doubtful. 

The equations derived in the introduction contain definite 
physical significance through the experimentally settled fact that 
the adsorption -layer is only one molecule thick. On this assump- 
tion fi of Van der Waal’s equation is to be considered in this case 
as double the cross-section of the adsorbed molecule. The mole- 
cular cross sections (/) as calculated from the experimental restilts 
are put^ together in the following table ; — 

/= ^ , where K-6 06xl0*> 


Acetic acid 
Propionic acid 
n-Butyric acid 
n-Valorio acid ■ ... 

n-Hexy lie acid ' 
V-Heptylio acid 
n-Octylic acid 
n-Konylio acid 
Monomethyl urea 
Symmetriom dimethyl urea 
Ethyl urea 

Symmetrical diethyl urea 
•PhclPol 


Table XIII. 



/SxlO-* (Eq. 5) 

/xlO** 

16*4 

18*62 

13*0:. 

11*51 

10*7 

8*83 

10*01 

8*26 

10*4 

8*58 

10*04 

8*3 

7.54 

6*26 

6*00 

4*95 * 

12*24 

10*1 

18*5 

15*25 ' 

11*25 

9*28 

14*7 

12*12 

10*24 , 

8*45 


From T^le XIII .we observe that the effective molecular cross 
section ol the normal fatty acids in the adscurption layer does aibt 
increase with inoreasing molecular weights. Langmuir thinks that 
thissx>ttstant magnitude of the area occupied by the fatty acids is 
to be ei^laiaed by tiie vertical position oI the carbon chain in 
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sttvfttotf. Mipi^ositiaii hi iwxre «tiihitigty bonfimtd b;ir our 

MMulto witik ttfttii deriyiU«t«8. If on» agroes with Laagoruir aad 
fiEthidtiB thab tiie grottfk OofttMiniltg oxygen ia dEreoted dowtkWiitdB 
ill ttd wahir wl^e tito kydroearbon grontis are poialed towarde 
attalao0» ana eau eaeily exflahi the hiMeaae of hha ▼alue of f 
t^an one y ae ae a fircna maaomethyluree to *«<dittaihylurea. liiaii 
the valtt«B of (/) in the ease od msthyhtren and ethylure* mu^ 
also be the anma* erhioh agreea with our ex|>erimeat»l reeultB. 

Ike term • haa the aame significanee ae an integratiMi oonatant 
as the term h in the equation (2) ».e., it controls the distributicn 
mlaticMi bcdween the numbw of molecules in the solution and in 
the aurfiM. One can certainly according to the method of Xiang* 
muir eogrrinoe oneself of this that a differs from the adsorption 
potential A by the same additive constant for all substances 
dissolved in the same solvent, the magnitude of which depends on 
tiie thickness of the adsorption layer. 

I«angmntrhae drawn our attention to the fact that Traube's 
I^air is eqoiealent to Uie increase of the adsorption potential in the 
ariHimetie p ro g re s sion, if tbs area occupied by the molecule in tne 
hoasolegians series ia constant. We find ia our ezperinsental results 
alarttier eenfinnation of Traube's Law. But it remains as yet 
unexplained, why A increases by the same amount as we go up ia 
the homolc^ous series {vide Table XIII.) We would venture a 
suggestion that because of the polar character of the fatty acids, the 
adsorption potential must be proportional to the dipol-moment of the 
molecule, and therefore increases by jumps with the length of 
the carbon chain as would appear from Table XIV. 


TABfcB XTV. 


* 


axlO-“» (Eq. 5) 

AexlO*-** 

Acetic acid 

• • • 

8-75 

9*16 

Pro||^io|kic acid 

• ■ • 

11*80 

9*05 

f»-Bufty^c acid 


18*36 

2*88 

n-Valario acid 

• •• 

16*28 

8*17 

f»>ficzylic aciu 

ess 

... 19^40 


- 

• 


8*8 

n-H^tylio acid 

ss« 

... 22*t 

2*72 

w*Oetylle acid 

• • « 

91*48 

9*86 

fsdfaoylio acid 

eae 

... 27*78 
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Ftom these iseestigetimis we oaa conclude that the eqod^oo for 
ademhed sobetanoes projpoeed by Volmer is applicable to eidutioiis 
up to moderate ooooentrati<His within the range of e:perimentid 
error and that this equation allows us with fair approximation 
to ocmsider the area occupied by the molecules of the solute on 
the surface of the Solution and also the adsorption potential as 
independent of conoentratkm. 

1 take gpreat pleasure in expressing my gratitude to Professcsr M. 
Volmer for bis kind advice and encouragement in the carrying out 
of this work and also my thuiks to my friends Br. H. Cfassel and 
Dr. O. Adhikari for their help. 


tt«e0ired December 81« lfl96. 

IwstnnrT riis rruxAuscss Cbsmu 
VH u EuiSTaoeasMiB, T. H. CBAUonsMsnto, 

ABD 

BBBOAL TbCBBICAI. iBBTITOTEt 
CAtCCTTA. 




Replacement of Bnlphonie Gronpi by Nitro Gronpe 
in Aromatic Amino-compoonds. 

By Rasix LauDatta and Phuldbo Sabat Yaxua. 

In a previous coramunioation (Datta and Varma, /. Amer, 
Ckent. 8oc., 1010, 11, 2030) it has been shown that in a number of 
phenolic compounds, sulphonic groups CgUld be easily replaced by 
nitro groups by means of nitrous gases and a number of niteo* 
phenolic compounds in a fair state of purity and in good yields were 
obtained by this method. It has been possible to extend this 
investigation further and we find that the replacement of sulphonic 
groups by nitro groups is a general reaction in the case of aromatic 
ainino-compounds also. In this case not only the sulphonic groups 
fire replaced by nitro groups but the amino group is at the same 
time diazotised and replaced by the hydroxyl group so that the final 
products of the reaction in this case also are nitro-phenolic com- 
pounds. The products are in this case also as in the previous one 
gener^ly free from bye -products and as a rule more thw one nitro- 
group ent'ers into the benzene nucleus. 

It is interesting to find that in the caae of naphthylamine sul- 
phfinic acid, the replacement of the sulphonic group by the nitro 
group is not brought about, though the amino-group is diazotised 
and replaced by the hydroxyl-group and the compound is nitrated as 
well. Thus a nitro-naphthol sulphonic acid has been obtained from 
a solution in chloroform of naphthylamine sulphonic acid. 


Expbrimbntai.. 

SulpkaniUc Acid . — Sulphanilic acid (10 g.) was partly dissolved 
add* partly suspended in water (100 o.c.) and nitrous *gases ((Stained 
from arsenous oxide Mid nitric acid) passed. The gas^ were com- 
pletely Absorbed at the outset. The sulphanilic acid in suspenaioii 
gradually passed into solution and the colour of the solution duaig- 
sd to greenish. Minute bubbles cd gases wMre observed to etcape. 
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When no mwe of the gas wee ebecHcbed, the eolation wee evepom* 
ted <Mi the water>bath to a visooue ooneistenoj. On allowing to cool 
the product eolidified. It was aeparated from the mothw-Uquw 
and cryetalliaed horn aloolK^. The crystals (90 g., m. p. 122*) were 
found to he 2: 4 : 6<trlnitra>ph«iol. 

AnUin 0 -dUulphdnio Aniline<disui]^i<mic acid (10 g.), 

partly dieeoWed and partly suspended in water, was subjected to tiie 
action of nitrous gases until no mom gases were absorbed. The re- 
acting mixture was c<moentrated on the water-bath and allowed to 
cool and qtand overnight. No solid separated. It was diluted and 
neutodiiBad with powdered berium cubonate. The solution was fil- 
tered. boiled with animal charcoal, again filtered and the filtrate 
he at ed with the requisite quantity of sulphurio acid. The barium 
snlphate was removed by filtration. The filtrate was now concen- 
trated on water-bath to a small volume. On allowing to cool, cry- 
stals (4 g.) of 2 : 4 :6-trinitro-phenol were obtained. 

m-dntltne Butphonic Acid . — ^This suiphonic acid was prepared 
by sulphonating nitrobenzene and reducing the resulting nitro- 
benzene suiphonic acid by means of iron-filings and sulphurio acid. 
m-Aniline suiphonic acid (.1 g.) thus prepared was treated with 
nitrous gases for 80-40 minutes. The reacting solution was eva- 
porated to about half the volume and allowed to cool and cfystal- 
.lise. Crystals (8 g.. m. p. 150*) were obtained and found to be 2: 5- 
dinitro-phenol. 

p^Nitraniline Suiphonic Acid.-— By sulphonatiug p-nitraniline. 
a suiphonic acid derivative was obtained. The solution of this 
product (5 g.) was subjected to the action of nitrous gases for about 
20 minutes. Considerable frothing took place. The solution turned 
dark red. It was evaporated to half its volume, and the solid sepa- 
rated was crystallised from rectified spirit. Crystals of 2:4-di' 
nitro-phenol, m. p. 112°, were, obtained. 

Dimethylaniline Suiphonic Acid.— By heating dimethylaniline 
(20 *g.) with concentrated sulphuric acid at 180*-190* for three hours 
and a half, dimethylaniline suiphonic acid was obtained. The 
product so obtained was submitted to steam disttllation to get rid 
of unchanged ‘dimetliylaailins. By concentrating the {Mrodtfet 
a syrupy liquill was Obtained. Ibis was diluted with a small quoa* 
tiby of water and nitrons gases passed in a rsiud stmsm for dbout 90 
minutes. A copious yellow solid separated. .It was runomd* 
imfhdd with watm and orystaittoed firom teefeUbad Brownhdi 



BBPLACBlfBNT OF 8ULPB0NIC OBOUPS 88S 

yidlofr ahiniiig erjrstab* m. p. 153* of 2 ^8 :4-<M«aikodi0ieihyl 
M&kio*bfNM«ns were obtained. Yield 5'5 g. 

o~Toluidine-5-§vlphoitic Acid . — ^This sulphonio acid was prepared 
and separated by tbe method of Oenrer {Annalen, 1878» 160» 874^. 
The solid product (10 g.) was diaaolved in water and treated with 
nitrous gases until no more absorbed. The product obtsmed was 
separated and crystallised as usual. 3 ; 5-Dinitro>o*cresol (5 g.) 
m. p. 86*, was obtained. 

o-Toluidine-3 : 5-diguIphonic Acid . — ^This was prepared by»the me- 
thod of Neville and Winther {Bet., 1882, 15, 2992). The solid 
product was dissolved and treated in the same way as in the prece- 
ding case. 8 :5-Dinitro-o-cresol (5 g.) from 8 g. of the disulphonio 
acid was obtained. 

m-Toliiidme Sulphonic Acid . — ^This was prepared by the method 
of Lorens (.Innafen. 1674, 172, 185) and treated with nitrous gases 
as before. On concentration and cooling a copious yellow pre- 
cipitate was obtained. It was crystallised Mid found to be 2: 4:6- 
trinitro-m-cresol (11'2 g.) from 10 g. of m-toluidine. 

p-Toluidine~S-tulphonic Acid.— In this case if nitrous gases were 
passed for a lung period, oxalic acid was the only product obtained. 
If however, care was taken in passing the gases for a few minutes 
only 3 ; 5-di*nitrO'P*cresol was obtained. In 10 g. of the sulphonio 
acid, fifteen minutes of passing the gases are enough to produce 
3 ;.>-di'nitro-p'Oresol (3 g.). The yield decreases as the nitrous gases 
are passed for a longer period. In about 4.’> minutes, there is no 
trace of the dinitro-crosol, but on concentrating the solution and 
allowing it to cool in a desiccator, crystals of oxalic acid only are 
obtained. 

p-Toluidine-S :ri-di»ulphonic Acid . — No nitro-derivative could be 
obtained from this substance. Crystals* of oxalic acid Qnly were 
obtained. 

m~Xylidinc Sulphonio Acid.— Tbia solid compound was dissolved 
in water and nitrous gases passed until no more absorbed. Smne 
*yellsw solid separated during the process. On concentration on 
water-bath and cooling mtwe yellow solid produoted a^aroted. 
It was srystallised and found to 5-nitro-l :8:4-xylenol, m.p. 
71-72*. (Pound; N, 8*79. C, H, 0,N requires N, 8*89 
per sent.). 

6 
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Tbioralpliato-CblNat Oompltsit. Pftrt II. 

OoNItfaitt. 

By pAnrADA Bakaait Ely. 

In • prtrious oonfinuniontlon the proparsttons and piopertiea <rf 
a number of thioaulphato-pmitammine cobaltic ealta ItaTe been 
deacuribed. in whieh the thioaulphate radicle ia a member of tiie 
complex poaitiye ion with cobalt aa the central atom> Beacription 
of a compound in whieh the thioaulphate group iaa oonaMtu|ent of a 
negative complex ion with oobalt aa the central atom forma the 
aubjeot-matttf of the* preaent paper. The action of potaauum 
cyanide aolution upon thioaolphato-pentammine oobaltic chloride 
(loc, cit.) haa led to the formation of a new type of compound whoee 
conatitution can be repreaented aa K 4 [ 8 aO,. Co (CN),]. 

Thia may be regarded aa containing a aubatituted oobalticyaaide 
and be twmed tiiioaulphato-pentacyano-potasaium cobiUtiake. 
The complex ion thua derived haa a negative valency of four and in 
fhet ia the flrat repreaentative of the hitherto unknown type of the 
complex ocrf>alt aalta. Similar aubatituted ferro- and ferri>oyanidea 
have, however, been deacribed by Hoffmann. Theae are nitrito*, 
aulphito*, and araenito'pentaoyano ferroate {Zeit. anorg. Cketn., 
1896, 167) ; niiroBO’pentacyano-ferriate (dnnolen, 1900, 819, 1), 

and aquo'jlentaoyano'ferriate (Zeit. anorg. Chem., 1696, 11, 150). 

The constitution of the above thiosulphato>pentacyano-oobaltiate 
haw been definitely eatabliahed by chemical and physical methods. 
The reaction leading to its formation may be expreaaed by the 
following equation 

[s,0,.Co.(NH,),]ci+5 KCN=K* [ Co ] +KC1+5 NH, 

The action of sodium nitrite and aq^ium sulphite solutions iqpon 
the thiosulphatO'pentammine oobaltic chloride haa led to the fmma* 
tion of trinitrito-triammine oobalt and an impure mixture of aodhim 
oobaltiaulphite respectively aa indicated below 

- [(NH,).0o,B,O,]ci+8NaN0,=[co^®^*]+NaCl 

•f Ka.S.Cf«-h2 NH. 

* and 

[(NH,), Co B,0,]a+8Na,80,*Na,[Co (SO,),]+NaCl 

•fNatBgO.-ffi NH« 
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Exbbbiubntax.. 

Preparation . — The thiosulphato-pentammine cobaltic chlorida was 
finely powdered and treated with a strong solution of potassium 
cyanide ; there was a strong evolution of ammonia and a deep 
orange-<ioJoured solution was obtained. The solution was filtered, 
cootod in ioe water and then treated with alcohol drop by drop with 
constant stirring. A large crop of yellow crystals separated out in 
as short time. The crystals were filtered, washed with 30 per cent, 
alcohol ^d then redissolved in a small quantity of water. The 
solution was ^ain cooled in ice water aud the substance recrystal* 
lized by the addition of a few drops of alcohol. The crystals were 
first WMhed as before and then with absolute alcohol. They were' 
finally dried in air. 

The crystalB thus obtained are bright yellow and highly soluble 
in water. The solution does not give any reaction for cobalt ions 
and; is neutral to litmus. Neither sulphuretted hydrogen nor 
ammonium sulphide gives any precipitate of cobalt sulphide from 
its solution. Silver nitrate solution gives a yellow gelatinous preci- 
IHtote in the cold, but on warming with dilute sulphuric acid it 
slowly changes into brovm silver sulphide. A solution of the 
substance when boiled with dilute sulphuric acid or strong hydro* 
chloric acid gives a precipitate of sulphur and liberates sulphur 
dioxide gas but no hydrocyanic acid. On oxidation with ammo* 
niaca! hydrogen peroxide the whole of the thiosulphate radicle is 
oxidized to sulphate without any change in the colour of 'i>he 
solution. A freshly prepared solution of the salt gives characteristic 
precipitates with solutions of salts of the heavy metals as described 
below — ^resembling potassium cobalticyanide very closely in this 
respect. 

Silver nitrate solution gives a light yellow gelatinous precipitate 
in the cold, soluble in ammofiia. Cobalt nitrate solution ^ves a 
ro8e*coloured gelatinous precipitate. Copper sulphate solutiem 
gives a light green gelatinous precipitate insoluble in dilute acids 
but soluble in ammonia to a blue solution. Lead nitrate solutimi 
gives a cream ^ coloured heavy granulMr precipitate soluUe in dilute 
acetic acid. With manganous chloride solution no precipitate is 
obtfuned— >a ^stinction from potassium cobalticyanide. ^ereuric 
chloride solution gives no precipitate whereas mercurous nitrate 
solution gives a pale yellow precipitate insoluble in dilute nilyno 
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acid* Witli nidkel sulphate solution a pale green gelatinous preci* 
pitate insoluble in dilute sulphuric acid is formed. Zinc sulphate 
solution gives a light yellow sparingly soluble precipitate which 
dissolves in hot water uid forms a orystallme precipitate on oo(ding. 
Gadmiuni nitrate solution behaves like zinc giving a light yellow 
sparingly soluble precipitate. The precipitate is soluble, in excess 
of the cadmium salt solution and also in boiling water being again 
precipitated in a crystsiline iorm irom the latter on cooling. Zinc 
and cadmium possibly give rise to the formation of double salts. 

The substance does not react with potassium chromate and 
potassium ferro- or ferri-cyanido solution. From the properties and 
reactions described abovci it is clear that the substance does not 
give any cobalt ion. cyanide ion or thiosulphate ion in solution. It 
contains a complex anion containing thiosulphate and cyanogen 
radicle with cobalt as the central atom. In solution however it 
slowly hydrolyses into aquo'pontacyano-cobaltiate on warming as it 
then gives a reddish brown precipitate with silver nitrate solution. 
This is further confirmed by conductivity measurements. The 
hydrolysis proceeds thus : — 

K* [(CN).Co.8,0,] +H,0^=&K,[ (CN), Co. H,o] +K,S,0,. 

• 

For analysis the substance was decomposed by heating with hot 
concentrated sulphuric acid ; the solution was diluted and cobalt was 
precipitated as cobalt sulphide from the solution. The latter wae 
thed converted into cobalt sulphate and weighed as such. Potassium 
was estimated in the filtrate as potaasium sulphate. The thiosul- 
phate was estimated by oxidation to sulphate with ammoniacal 
hydrogen peroxide and then by precipitation as barium sulphate. 
•Cyanogen was converted into ammonium salts by heating with 
strung sulphuric acid and potassium b^ulphatc and then distilling 
the ammonia as usuid. (Found ; Co, 12*85 ; 18*08 ; 8, 18*94 ; N, 
15*18 ; K* 88*88. K*C8.0,Co.(CN)*) requires Co, 12*91 

14*00 : N, 15 31 ; K. 84*1 per cent.). 


Conduotipitjf Mea9ur0mttnt». 

Following reeulte were obtained with a freshly prepared eolutioa 
o£ the subetenoe in conductivity water at 20'’C. 
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v(dUution) 148 9, 8978. 595*6, 1191*2 

f 

M, 886*9, 416*2. 488*2, 6^7*6 

A detomUnaiaon at a higher temperature at 26*G gave mwsh 
higher, values which further increased on keeping tiie sdiution, 
specially in contact with the electrodes in the cell— the latter oataly* 
tically accelerating the hydrolysis already appreciable at this 
temperature. 

Molecular conductivity for hexammine platinio chloride 
[Pt(NH(),]Cl« and potassium feirocyanide K«[Fe (GN),] which 
i^so furnish a tetravalent complex ion (positive m the case of 
platinum and negative in the case of iron) in addition to four 
simple monovalent ions are quoted here for comparison. (Weinland, 
Einfuhrung in die Ghemie der Komplex-Verbindungen,'* p. 5). 

V (dilution) : 128 256 512 1042 

M. forK* [Fe(CN),] at 25»C. 432 477 520 558 

M. for [Pt (NH,),] Cl, at 25“0 433485 528 

(Werner and Miolati Zeit. phyaikal. Chem., 1894, 14 , 506.) 

Agreement between these values and those obtained for the 
present substance is sufficiently close to confirm the existence of a 
tetravalent complex ion in a solution of the latter. 

Molecular Weight Determination. 

Molecular weight of the substance in aqueous solution was 
determined by the freezing point method with the following results. 

Gonoentration ' Depression. M. W. found. 

per 100 gm. of water 

2*0560 gm. 0 *266*’ 189*1 

1*47 gm. 0 *198® 1£8*6 

These tv^ determinations were made in fairly dilute solutions. 
Theoretically the molecular weight calculated on the asfuimption 
that the sidt in solution is completely ionized, should have been 91*4. 
The, higher values th^wfore indicate that eveii at this dili)tion ,the 
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tubstcoiaa is iiot oompletely dtssooisied. lliis in fsoi liolds iat 
all sal& ivitli polyvalent ions, Uie dissooistion progressing by sfsiges. 
In the i»esent ease Uie gradual dissociation of the salt in soluHim 
oan be represented thss : 

K*X— +K,X"— >8K- +KX"'— >4K*+X"" 
where Xas[SaO;t Co. (ON),]. 

Apparently the last stage of dissociation was not reached in the 
present instbnce. Experiments with further diluted solution 
were not possible on account of very small depression of the 
freezing point that would result and vitiate the accuracy of 
determinations. 


Coagulating Power and AbsorbahUitg. 

A solution having 0*01 mol. per litre was prepared using 
conductivity water. And its coagulating power was compared 
gainst that of a potassium ferrocyanide solution of the same 
strength upon a positive ferric hydroxide sol with the following 
results: 

One c.c. of the potassium ferrocyanide solution diluted to 2*5 c.c. 
with'v^^kter and mixed with 2*5 c.c. of the ferric hydroxide sol 
coagulated^ the latter completely in 0*53 secs. Whereas even 
0*15 c.c. of the 0*01 M solution of the substance almost instant* 
aneously effected the complete tsoagulation of the same 
amdunt of ferric hydroxide sol under exactly the same conditions. 
This shows that the coagulating power of the complex n^^ative 
ion of the substance under examination is much higher than that 
of the complex ferrocyanide ion with a negative valency of four. 

, The valency of the complex anipn of the thiosulphato>oompound 
is therefore likely to be at least as hij;h as that of the ferrocyanide 
ion (Freundlich. Koll-Zeii., 19i^, 81, 248). This is also supported 
by the charge-reversal effect produced in a ferric hydroxide sol 
when the latter was mixed with a solution of the substance with a 
concentration of about 0*02 mol per litre. 

• 4iagnetia 8u»eeptibiUtg . — ^The substance when examined in 
a Curie’s balance was found to be diamagnetic. Thie is porfectty 
in agreement with Bosenbohm’s results {Zeit, phynkal. Chem.t 
1019, 08, 608) who examined a large number of complex metallic 
or.co-ordinatimi obmpounds and found that almost all the complex 
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eobaltio eompouads ilius ezamined were -diamagasiic. 
substaace is a definite oo-iwdinaticm expound is thus 'placed 
beyond doubt. Ail the oo-ordinated oobalt compounds, as ahoam 
by Welo and Baudisch {Nature, 1925, 116, 606), should eadiibit 
diamagnetic susoeptiblity due to their haying closed electronic 
configurations resembling that of the inert gas krypton as inter* 
preted by Sidgwick in developing his “effective atomic number “ 
rule (J. Chem. 8oc.. 1923, 128, 725). 

Action of Sodium Nitrite upon Thioaulphato-pentammine Cohedtic 

Chloride. 

* 

Finely powdered thiosulphato-pentammine cobaltic chloride 
was digested with warm rtrong solution of sodium nitrite. The 
former gradually went into solution with slow evolution of ammonia. 
The solution after filtration was heated on the water-bath when 
more ammonia Was evolved and a very sparingly soluble yellow 
product separated out. This was first thoroughly washed with cold 
water, then with alcohol and finally dried in air. 

On analysis and examination, the substance was found to be 
pure trinitrito-triammine cobalt [(NO,),Co(NH,),]. This affords 
a very easy and rapid method of preparing pure trinitrito-triam- 
mine cobalt. (Found: Co, 23*84; NH,, 20*57. [(NO,),Co(l?H,),] 

, requires Co, 23*8; NH,, 20*56 per cent.). 

My best thanks are due to Mr. S. G. Ghowdfaury .for assisting 
me in determining the charge-reversal of the ferric hydroxide sol and 
to Mr. H. G. Bhar for testing the magnetic property of 'the 
substance. 

uMivBBSm Coujias of Sciemcc, 

Oalootta. 
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Benxidine Rearrangement in the Heterocyelio 
Series. Part I. 

By Prafulla Kumar Bose. 


The present investigation was undertaken with the expectation 
of obtaining 4 :5'di substituted aminothiodiazines (I) which will re- 
sult by the interaction of halogenated ketones with l-suj^stituted 
tbios emicarbazides . 

When equimolecular quantities of l-phenylthiosemicarbazi^e 
and a halogen ated ketone, such as monochloracetone, «-bromaoe- 
tophenone or p-methyl-M-bromacetophenone, were shaken in absolute 
alcohol at the room temperature, the hydrochloride or hydrobromide 
of the condensation product was obtained in quantitative yield. The 
base has the same composition as (I), where CH,, or 

p-pH,‘CaH.. These bases, on acetylation with acetic anhydride, 
j^elded monoacetyl derivatives. Moreover, they were found to give 
colour reactions with concentrated sulphuric acid {vide Experimental 
part). 

The above bases, which are formed by the elimination of a mole- 
cule of* water and a mclecule of hydrochloric or hydrobromic acid, 
may have one of the following structures : 



^NHNPh^ 


S— CH 
(III). 


N=C-NH NHPh 

i 1 

R-C S 



(II). 

NH— CiNNHPh 

• I 1 

R O S 



NH=C— NNHPh 

i I 

S OR 


(IV). 
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Of these the last three (xmtiua either an imioo or a h^drasiao 
group. It wast therefore. o<»Bidered desirable to study %lia aetioii 
of aqueous hydroohlorio roid cox the oondenaatioa jpraduota. l%ese 
would be hydrolysed to ammozua or phenyl hydrasine in case they 
possessed any of the last three structures (HI, IV. V}* thus: 

^^HNPhw H.O ^NHNPlw 

NH“0^ XXXC ^^OB+NH, 

(3 nn [HCl] ® 


S— CH 
(ni). 


S— CH 


(VI). 


.NH— C=NNHPh 

H.O 

NH—CO 

1 i 


i 1 

BC S 

[HCij 

B-C S +NH,*NHPh 

V 

CH 



(IV). 


(VII). 

NH=C— NNHPh 

H.O 

OC— NNHPh 


[Hci] 

L i-R +NH, 

V 


V 

CH 


CH 

(V). 


(VIH). 


Accordingly each of the bases was boiled with dilute hydrochloric 
acid for 5ol5 minutes. The products were almost quantitatively 
converted into isomeric bases by the influence of ^his reagent. 
These (isomeric bases) dissolved in concentrated sulphuric acid 
without developing any colour and yielded, on acetylation with 
acetic anhydride, diaoeiyl derivatives, and were found to be diacid 
broes, the chloroplatinates having the composition. B.HaPtCl,. 
These results sure not consistent with any of the formulae (I), 
(III), (IV) or (V), some of which can explain the isomeric change 
in a satisfactory manner but fail to account for the general chemical 
properties. ^ 

On the assumption that the bases have the structure (II), the 
isomeric transformation brought about by hydrochloric acid may 
be regarded as an instance of benzidine rearrangement. 


X 


N 

I 

RC 


(31). 


C 

(KT). 


> 
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A ipry aisailar ease has l^ea plaoed on teoond by Farghar and 
Fyman (f .*Chem. Boe,. ]919« ifft« S22; of. also Pyman md Bavald) 
ibid, 1990t li7( 1436) wbo found that in the reduction of 2-benzMM- 
azoglyozaline (X) with stanncoa chloride and hydrochloric acid, the 
rriftiii product was 2p^ino>4<p-ammopbenylglyozaline (XU), the 
rearrangement obviously taking place through the intermediate 
hydraso oompound (XI). 


c — HlH'PH 



\mh * 

1 \hh - 

CH / 

'5SCH 

(,x). 

(xr). 


^CHHa 
I 

CH , , 


> 

(Tar). 


Afwtr ding to these investigators (ioc. cit.) “the occurence of a 
rearrangement of the benzidine type in a five-membered heterocyclic 
nv^pleus seems remarkable at first sight, but a closer inspection of 
tlte formula shows that the conjugated system connecting the 2- and 
5>carbon atoms of the glyoxaline ring is similar to that existing in 
the benzene nucleus.’* 

In ttie present instance the five-membered heterocydie ring 
happenk to be a thiazole of which the 2- and o-carbon atoms are 
connected by a conjugated system exactly similar to that present 
in the glyoxaline ring mentioned above. It is. moreover, a hydrazo 
coo^pound amd indeed a benzidine rearrangement is to be expected- 
The fmmula (IX) for the isomeric bases easily explains the forma- 
tion of diaoetyl derivatives. A direct and more conclusive evidence 
haa been furnished by the formation of p-acetyl-aminobenzoio acid 
<m ozidstion of the diaoetyl oompound of formula IX (BssCH,) by 
' "c i d permanganate soluti<m. This result also eliminates the possi- 
bility the bases had undergone semidine returangement yield- 
ing compounds of the type (XIII) or (XIV). 


t1 

I 

RC 


c-hhO 


NH: 


'^CH 

(m). 


N 

I 
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Experimental. 

2-Phenylhydrazino-4-phenyhl:3-thia8ole: Formula 11 (RsC«Ha). 
— ^Finely powdered 1‘phenylthiosemioarbazide (1*7 g.) and w-brom- 
acetophenone (2 g.) were shaken with absolute alcohol (15 o.o.) 
without the application of heat. The components gradually dis> 
solved and the solution became warm. After a few minutes crys* 
tals separated out. Ether (20 o.o.) was added to the product and 
the greenish white crystals were collected, washed with ether and 
dried (3*4 g.). The hydrobromide was dissolved in a mixture of 
wsum pyridine and alcohol, and diluted with water. The colour^ 
less needles of the base, which separated out, were twice recrystal* 
Used from dilute acetone ; m.p. 191°. (Found: C, 67*30; H, 5*00. 
C»,Hj,N,S requires O, 67*42; H, 4*87 per cent.). 

It gave a bluish green colour with concentrated sulphuric acid ; 
the colour vanished on dilution. It is soluble in cold acetone, hot 
benzene or pyridine, and only sparingly so in ether or alcohol. 

The acetyl derivative was twice crystallised from alcohol in 
glistening transparent needles, m. p. 161°. (Found: N, 13*56. 
Ci7Hx 80N,S requires N, 13*59 per cent.). 

Action of Hydrochloric Acid on the above Base : Formation of 
2-Amino-4-phenyl-5-p-aminophenyl-l : S-thiasole . 

The base (1 g.) was boiled during 10 minutes with 100 '*..c. 
of 2*5N — hydrochloric acid. The solution was cooled, filtered and 
the filtrate was made alkaline with ammonia. An oil separated out 
which hardened in the course of a few hours. This was removed, 
washed with cold water and dried (0*85 g.). It was crystallised 
from dilute alcohol using animal charcoal as a decoloriser. Pale 
yellow rectangular plates, m.p. 193-4°, were obtained. (Found: 
C, 67*34; H, 5*54; 8, 11*73. G»,Hi,N,S requires C, 67*42; H, 
4*87; S, 11*98 per cent.). 

It does not give any color reaction with concentrated sulphuric 
acid. This base is also obtained if the condensation between the 
thiosemicarbazide and the bromoketone is carried out in boiling 
alcoholic solution for about 10 minutes. It is easily soiuble in 
idcohol, benzene, acetone, chloroform and pyridine, sparingly in 
ether .and ligroin. 
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Tjj^e hydrochloride crystftllises from dilute hydrochloric acid in 
colorlels needles. It decomposed above 260°. (Found: Cl, 20 '18. 
CtsHjsNaS, 2HC1, HgO requires Cl, 10*88 per cent.). 

The piorate formed yellow rectangular plates, m.p. 1,4-85° d. 

The chloroplatinate^ formed yellow microscopic crystals which 
had no m.p. (Found: Pt, 28*6'. C,aH,aN,S, HaPtCl^ requires 
Pt, 28*80 per cent.). 

2-Acetylamino-4-phenyl-S-p-acetylatninophenyl-l :3-thuuiole. 

On adding acetic anhydride to the base the latter dissolved with 
evolution of considerable heat. On boiling the solution for a short 
time, a crystalline product separated out. The whole was allowed 
to cool, the solid was collected, washed with alcohol, and crystal- 
lised from a mixture of pyridine and dilute alcohol as long, white 
needles, m. p. 285°. These, however, changed into transparent, 
pale brown, compact prisms, m. p. 285-86°, on keeping for a few 
days in contact with its mother-liquor. (Found; N, 12'06. 
cT*N,S requires N, 11'97 per cent.). 

2-Phenylhydrazino-4‘P‘tolyl-l :3‘thiazole : Formula II(R=:p-C,H,), 

1-Phenylthioaemicarbazide (3'4 g.) and p-methyl-«*-bromacetophe- 
none (4‘2 g.) were shaken with absolute alcohol (25 c. c.) in a flask. 
These went into solution with rise of temperature and colorless 
needles began to sepaurato out almost immediately. The flask was 
cooled and ether (75 c, c.) was added. The hydrobromide of the 
condensation product was filtered off, washed with ether and dried. 
The yield was quantitative. The base, 2-phenylhydrazino-4-p-tolyl- 
:8-thiazole was liberated using pyridine. When crystallised from 
a mixture of pyridine and alcohol, it formed long, colorless needles, 
m.p. 186°, (Found; N, 15*02. CiaH, 5N9S requires N, 14*95 per 
cent.). 

It is easily soluble in acetone, pyridine, or ether but sparingly 
in alcohol. It gave a deep green coloration with concentrated sul- 
• phqpie acid. * 

The acetyl derivative, obtained by heating the base with acetic 
anhydride, crystallised from alcohol in colourless, soft star-like 
aggregates, melting at 146°. (Found: N, 18*12. CisHttON^S 
requires N, 18*00 p4r cent.). • 
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Bolton of Hffdroehlorie Acid on the dhoce Bttee : FomutHw^ of 
2‘AmmO’4‘p^iolfl-5-p~aminophcn^l :8*ilitMole. 

nio base (1*5 g.) was ixuled witii 100 o. o. of 2‘5N-]qrdrodiloirio 
aoi4 for about 15 mintiiea. Tbe yiold of tbe iaomeiide wpaouated 
to 1*4 g. It is eamly soluble in metibyl or et&yl alcohol, pyridine, 
acetone ox ethmr. It sepairated from dilute alcohol in pale brown 
needles melting at 162°. (Found: N, 14*62. Ct«Ht,Ns8 requires 
N. 14*95 per cent.). It gave only a very faint yellowidi green 
ooIot witi^ concentrated sulphuric acid. 

The diaoetyl derivative, namely ^’acetylamino-d-p-tolyl-S-p-oce- 
tylaminophenyl-l : 9-thiaaole crystallised from glacial acetic acid in 
white, slender needles, m. p. 290°. (Found: N, 11*44. GaoH.aO 
NgS requires N, li‘51 per cent.). 

The hydroehloride crystallised from dilute hydrochloric acid in 
long, colorless needles. (Found: Cl, 19*92. C.aH. .NaS, 2HC1 
requires Cl, 20*06 per cent.). 

The chloroplatinate was obtained in yellow microscopic crystals, 
which had no m. p. (Found: Pt, 27*34. CjaH, .NaS. HaPtCla^ 
HaO requires Pt, 27*51 per cent.). 

The picraie crystallised in yellow microscopic crystals, m. p. 215° 
(with previous sintering and decomposition). 

< 

2-Phenylhydrazino-4-methyl-l :&~thiazole : Formula II (BsCHa). 

1- Phenyltbiosemicarbazide (3*2 g.) and monochloracetone (2 g.) 
were shiJEen with 25 c. c. of absolute alcohol, till the former |iad. 
completely dissolved. The solution was allowed to stand for a few 
minutes, and treated with pyridine (7 c.c.) and water (50 c.o.). The 
needle-shaped crystals, which separated out, were collected, wash- 
ed with water, and recrystallised from a mixture of pyridine and 
alcohol in colorless rectangular plates, m.p. 179°. (Found : G, 58*83; • 
H, 5*62. G iNgS requires G. 58*53; H. 5*30 per cent.). 

2- Phenylhydrazino-4-methyl-l : 8-thiazole is easily soluble in 
benzene or acetone but almost insoluble in ligroin. It imparted a 
rose-red coloration to concentrated sulphuric acid. The substance 
turned brownish red on keeping for days or on heating above 150°. 

The acetyl derivative formed colorless shining needles or plates, 
m.- p. 232°. (^ound: N, 17*03. G»«Ht,ON,S requires N, 17*00 
per cent.). " 

It is easily soluble in benzene, ether, chlotofom or dilute hydro 
chloric acid, but sparingly in benzine. 
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^Afitkm of Hydroehlorki Aeid on the ahove Boee : Formation of 
^•Amino-d^meih^lrS-T^-aminophenyl-liB-thiazole, 

The base (1*2 g.) was boiled-with normal h^drocbloric acid (25 
0 . 0 .) lor about 5 minutes. Shining plates were obtained on making 
the cold solution alkaline with caustic soda. The dried material 
(1 g.) was twice recrystallised from dilute methyl alcohol using ani« 
mal charcoal. It forms pale-brown shining pistes, m. p. ISP. 
(Found: N, 20*84. C,«H, ,N,8 requires M, 20*48 percent.). 

It is easily soluble in alcohol or pyridine but sparingly in ben- 
zene or chlmroform. It did not respond to the color reaction charac- 
teristic of its isomeride. 

The hydrochloride crystallised from concentrated hydrochloric 
acid soluticm in long, silky needles which decomposed above 240”. 
It contains 2 molecules of water of crystallisation. (Found : Cl, 
22*50. CjoH, iN,S, 2HC1, 2H.O requires Cl, 22*62 per cent.). On 
^drying in a steam-oven only molecules of water could be driven 
•off. (Found: Cl, 24*56. C,oH,,N,S, 2HC1, iH.O requires Cl, 
24*74 per cent.). 

The ehloroplatinate was obtained as small, orange pointed need- 
les. (Fotmd: Pt, 80*82. C,oHttNaS, HaPtCl,, H.O requires Pt, 
80* 86 per cent.). a 

The ptcrafe formed yellow, star-like aggregates, m. p. 214” (with 
deoomp.) 

Beneylidene Derivative. — To a hydrochloric acid solution of the 
base, benzaldehyde was added drop by drop and shaken when a 
deep yellow crystalline precipitate immediately separated out. This 
was collected, washed with dilute hydrochloric acid and dried. The 
product (hydrochloridq of the monobsnzylidene derivative) was then 
dissolved in pyridine and the base precipitated by water, jnfom 
dilute methyl alcohol it separated in yellow needles, m. p. 177”. 
(Found: K, 14*82. 0|,Ht«Na8 requires N, 14*88 per cent.). 

The diaeetyl derivative, 2-acetylammo'^-tnethyU5’p-acetylatnmo- 
pHenyl’l : B-thiatole was obtained from dilute pyridine in long c(dor- 
less needles, which gradually changed into hard prismatic crystals, 
m. p. ^192°, (m being kept in contact with the mother-liquor ioa 
several days. (Fpund: N, 14*65. C(«Hj«0,N»8 requires 14*59 
|ibr cent.). 
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Oxidation of 2‘Aoetylamino-i'methyl‘S-f‘acetylamiuophet^hl:B- 
thiaiole. 

The aoetyl derivative (2 g.) was dissolved in acetone (150 o.o.) 
nd to it dilute sulphuric acid (125 c. c. of 20 per cent.) was added 
when the substances was precipitated in a fine state of division. 
A 2^ solution of potassium permanganate was gradually dropped 
in with constant shaking at the ordinary temperature when the 
acetyl derivative gradually went into solution. The addition of 
permanganate was stopped when the pink color persisted for a few 
fteoonds, about 135 c. c. being required. The solution was then 
just made alkaline with a concentrated solution of sodium carbonate 
and filtered. The filtrate was concentrated on the water^bath till 
crystals of sodium sulphate began to separate. It was then filtered 
off and the filtrate acidified with concentrated hydrochloric acid 
when a white precipitate of p-acetylaminobenzoic acid was obtained. 
This was collected, washed with a little cold water and dried (0‘6g.). 
On ciystaliisation from water (using animal charcoal), it formed 
long glistening plates, m. p. 255-56°. The m.p. of this substance 
when mixed with a pure specimen of p-acetylaminobenzoic acid 
remained unchanged. The identity was further established by a 
nitrogein estimation. (Found : N, 8 01. C,H,OsN requires N..7‘82 
per cent.). 
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Synthesis of Substituted Ureas and Thio-nreas. 

Bv Bamani j^oHAN Boy and JSakkndra Nath B&y. 

Weith (Ber., 1876, 9, 820) and all other workers after him 
obtained sym-di-derivatives by heating together urea and the amines 
at 170° or above, the only experience to the contrary being that of 
Fleicher (Ber., 1870,9, 995) who obtained mono-phenyl ^ea from 
urea and aniline. Our object was to establish the condition under 
which rnono-substituted products w'ould be produced in good yield. 

It is now recognised that in the case of urea all the reactions 
indicated below are reversible (cf. Davis and Underwood, J. Amer, 
Chem. 8oc., 1022, «. 2595). 

1. NH*N ;CO NH,+HN : CO NH,.CO.NH, 

2. HN;CO + NH,B^==^NH, CO NHB y — > NH,-t-BN:CO 
.* 3. BN:CO+NH,B^=:^ BNH.CO.NHB. 

The reaction between urea and the amines is thus primarily 
dependent on the “urea dearrangement” (equation 1). Phosphoric 
oxide was chosen as the condensing agent as it was expected that 
it would accelerate the dearrangement by removing the ammonia* 
from the *zoue of action. This expectation was amply realised ; 
for in the presence of phosphoric oxide reaction took place at tern- 
pemtures as low as 105—115°, and 66 to 88 per cent, of the urea 
was converted. 

Disubstituted ureas are formed by the breaking up of the mono- 
derivative into the corresponding taocyanate. Davis and Under- 
wood ({loc. cit.) showed that mono-phenyl urea breaks up in this 
way at 168°. The low temperature used in our experiments ex- 
plains why the mono-derivatives were produced in good yield. This 
desideratum was fiurther achieved by using an excess of urea^ so 
that very little of the amine was available for the third reaction. 

When the investigation was extended to thio-urea, a higher 
tegaperature (170°) was found necessary and considerable hydrogen 
sulphide was given off during the process. o-!Boluidine and 
p-toluidipe gave mono-substituted thio-ureas, while m-toluidine 
did not give any thio-urea derivative at all. This shows that ai the 
teri^perature of tke*eseperiment thio-urea has the diamide structure 
and that the equations are similar to those in the case of urea. 

8 . 
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By heating thio-utea and aniline in the {weaenoe of phoi^lusrio 
oxide a small amount of mono-jphenyi urea was obtained*. 'The 
thio-urea undoubtedly acted partially in its ^-form. yielding phenyl- 
guanidine, whifdi brdke up into ammonia and phenylurea. It might 
be interesting to zeeall in this eonneetion the jwork of B[aas Krall 
iJ. Chem. 8oc., 1915, 107 , 1897) who maintains that guanidine de- 
composes into carbon dioxide and ammonia, and not into urea and 
ammonia. Obviously this is not so in the case of phenylguanidine. 

When urethane and aniline were refluxed with phosphoric oxide 
in xylene lolution, diphenyl urea was obtained exclusively and in 
good yield. Thio-ure thane also acted in the same way. The 
urethane probably breaks up into alcohol and tsocyanic acid thus : 

NH.COOBt '<rrT-> HN ; GO-|-£tOH, 

and the latter reacts with aniline according to reactions 2 and 8 
already formulated. Here the phosphoric oxide accelerates the 
*dearrangement’ of the monophenyl urea first formed into phenyl 
isocyanate and this explains why the di-derivative is formed to the< 
exclusion of the mono-substituted product. It remains to refer to' 
the preparation of di-butyl urea by Dixon iJ. Chem. 8oo., 1895, 67 . 
556) who obtained it by heating together butylamine and urethane 
at a temperature as high as 220°. 

Experimental. 

Aniline and Urea. — Urea (4 g.) and aniline (5 c. c.) were heated 
together with phosphoric oxide (2 g.) at 110° for 2 hours. The mess 
was cooled, washed first with water and then with benzene, and 
raiwystallised from alcohol when fine needles of mono-phenyl urea, 
m. p. 146°, were obtained (yield 2*5 g.)*. (Found : N, 20* 7. C^H^NaO 
require N, 20*5 per cent). On recrystalUsing from acetone a 
cmidensation product, m. p- 222*5°, was obtained. (Found : N, 15*45. 
Gt 0 ^ 1 « NO requires N, 15*9 pef cent.). 

p~Toluidine and Ursa.*— These were heated together in molecular 
proportions in presence of the requisite amount of phosphoric oxide 
at 115-20° for 2 hours. The product was purified as before and 
recrystaUised fnnn absolute alcohol ; m. p. 182-8°. (Found ; N, 
18*8. GaHjoNfO requires N, 18*7 per cent.). * 

* Fleieber (loe. ett.) cditsined mono-pbenyl ares by heating aniline ant niea at 
160-17&*. Weith (loe. ek.) and Baeyar (Anaalen, 1864. XSl. 3SS) obMned As dd-dari. 
TStive at IdO-lMP. DaWe and Undenroed obtained boA moab- and di-derivattwaa. 

* payia aad Undarwosd oMaiafd o-tolyl ovea by heatiiig at tar % bears, 



' sinn^Bsis op i^trdstiTt7i>PD akd THio>n^s 541 

9m-Tt^i4in0 uni Vrta.* — m-Toloidite {7 c.©.)r «w»(lP g.* 

4 eq^lraleats) and pliosplioric oarida (8 g.) were healed al lilO'lSg* 
for 4 hours. The product was cooled, washed with cold water said 
then extracted with boiUng water. From the filtrate on keying 
overnight 1*5 g. of fi}>tolylurea separated out ; m. p. lAl-d” (crystal- 
lised from absolute ideohcd). Beported m. p. 142**. Mixed m. p« 
wiidi urea 112**. 

The ‘insoluble residue was crystallised hrom rectified iqpirit ; 
yield 4 gms. M. p. 225°. (Found : N, 11*5. CiaH,,NsO requires 
N, 11*7 per cent.). Thus in this experiment 65-10% of the urea was 
converted. m-Toluidine (6 c. c.) urea (5 g., in equivalent amounts) 
and phosphoric oxide (2*5 g.) were heated at 115° for 2 houie. 
Only the di-derivative was obtained. The same amounts when 
heated at 105° for 1| hours, gave, in addition to the diderivative, 
a solid, m.p. 125° (crystallised from absolute alcohol). This has 
not been identified, and the yield was very poor. 

p-Tolutdine and Urea .* — ^Toluidine (4 g.), urea (3 g.) and phosphoric 
•oxide (2-8 g.) were heated at 110-115° for 3 hours. Cooled and 
washed thoroughly with cold water. The residue was repeatedly 
extracted with the minimum amount of absolute alcohol. From 
these alcoholic extracts p-tolyl urea (2 g.), m.p. 178*4°, was isolated. 
(Foupd : N, 18*3. Calc. N, 18*6 per cent.). 

The portion insoluble in alcohol was recrystaUised from glaci^ 
aoetic aciil (in which it is very sparingly soluble), when di-p-tolyl urea 
(2*7 g.), m.p. 252°, was obtained. Melting points reported in literature 
ajte 244°, 256° and 203°. (Found : N, 11*4. Calc. N. 11*7 per cent.). 

Phenetidine and Urea . — Phenetidine (4 g.) was heated with the 
equivalent amounts of urea and phosphoric oxide at 120° for 4 hours. 
The product was washed with ice-cold water (slightly acidified) and 
extracted with very dilute alcohol. The filtrate was concentrated 
and p-ethoxy-phenyl urea or dulcin (1*9 g.) sepuated out. Crystal- 
lised from water and obtained as fine heedless ; m. p. 159-61°. 

The ins(d.uble residue was crystidlised from glacial aoetic aci4 and 
2*5 gms. ot sym-di-ethoxy-phenyl urea, m. p. ^0-28°, were obtained. ' 
Urethane and Aniline . — ^Equivalent quantities of urethane and 
i|pUine were refluxed with phosphoric oxide in xylene station at 
140-5° for 2 hours. The xylene was then distilled off.and the residue 

* N^ratersnoe in tb« Utenture. It is obrioat ibst m-tolnidine does not reset 
in the sbsenoe of e eondensing sgent. end tbet the monosnbstitated prodwot is not 
ol^tidned onless the alee is in excess. , 

*■ nerie and undiurereod obtained tfao di-deiiTetiTO at 160^. 
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washed with acidulated water. The crude residue melted at 24415** 
uid was therefore practically pure diphenylurea. On crystallising 
from absolute alcohol the m.p. rose to 245-6*’. 

Thio-urea and Aniline. — ^Thio-urea (4 g.) aniline (5 c. c.) and 
phosphoric oxide (2‘8 g.) were heated at 140° for 3 hours when 
hydrogen sulphide was evolved. The mass was cooled and 
extracted with water, and the aqueous solution concentrated. 
Fine radiating needles separated out of the solution. This was 
crystallised from 50 per cent spirit ; m.p. 145°-6°. This was identi- 
fied to be mono-phenyl urea by a mixed m.p. with a sample prepared 
from aniline and urea. 

The portion insoluble in water was crystallised repeatedly from 
rectified spirit, but a pure product could not be isolated. The subs- 
tance melted at 125-35°. (Found : N. 13*65 percent.). It also contains 
sulphur and phosphorus and was not identified. 

o-Toluidine and Thio-urea. — Heated at 170° for 4 hours. Extracted 
with water and from the filtrate a compound, m.p. 90-32°. was isola- 
ted. This has not been identified, but seems to be a urea derivative.* 
It does not contain sulphur. 

The insoluble oily layer was induced to crystallise and o-tolyl- 
thio-urea was obtained. Crystallised from dilute spirit ; m.p. 160°. 
(Found : N, 17*46. Calc. N 16*9 per cent.). 

, p-Toluidine and Thio-urea. — ^The usual procedure was followed but 
there was no evolution of H,S. No definite compound could be 
isolated from the aqueous extract of the reaction product. The inso- 
luble matter was crystallised several times from absolute alcohol fh. 
p. 172°. Becorded m. p. of p-toly thiourea is 188° (182° ?) and that of 
the di-p-tolyl compound, 176°. The analysis, however, proved it to 
be p-tolyl thiourea. (Found : N, 16*88. Calc. N 16*87 per cent.}. 

Thio-urethane and ilntlmc— Thio-urethane was prepared by passing 
NH, into an alcoholic solution of potassium hydroxide and carbon 
disuphide. The product was triturated with sufficient warm water and 
the spbstance crystallised from alcohol when shining white feathery 
crystals of diphenyl thiourea, m.p. 148°, were obtained. Beported m.p. 
153°. 

This work waa carried out in 1922-23. < 

Our best thoi^aks are due to Sir P. C. B4y for his kind interest and 
to Mr M. M. Sen for his constant help. 

OantioAX. IubobatCbt, 

UmvsBwn Coluos or Soismos, < 

CUrOVRA. Beeeieed Ma^ 9, 19S7. 



Photochemioal Oxidation of Lenoo-Malachite Green by 
means of Uranyl Nitrate in Monochloracetic Acid 

Solution. 


By 

JxAXEMORA Chandra Ghosh and Jadvlal Mdeherjeb. 

The photochemical oxidation of some leuco-bases has been 
recently studied from the standpoint of technical application in 
cofbur photography by Carroll (J. Phys. Chem., 1926, 80, 130). His 
paper may be referred to for previous work in this subject. CarroB 
finds that the photochemical oxidation of the leuco-b^ses offers little 
hope of utility as a photographic process but it may be followed by 
optical methods of analysis and is well adapted to study of photo- 
chemical cathlysis. 

In the present paper we have studied the photochemical oxidation 
of lettco malachite green by means of uranyl nitrate. The results 
obtained are important in the sense that certain very simple rela- 
tions have been discovered between the intensity of illumination, the 
concentration of the photochemical oxidi sing agent, and the concen- 
tration of the acceptor leucobase. 


Experimental. 

Leucobase of malachite green was prepared by condensing £* 
•mefi^yl aniline and benealdehyde in presence of .zinc chloride 
(Fischer, Annalcn, 1883, 217, 280, 262). It was .purified by 

several o^ystallisations. The purified base was dissolved in 10 p^ 
cent, aqueous solution of mono-chloracetic acid. Mono-ohhnr- 
acetje acid solutioif of the base if allowed to stand for a sufficyMSt 
length of time becomes gradually coloured. Hence each solution 
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was used for two or tliree days after if had been prepared. Qrystal- 
lised uranyl nitrate was dissolved in distilled water and used. 

The source of light was a 100 e. p. Pointolite lamp, the strength 
of the current and voltage of which was maintained constant by 
meuis of a regulating resistance. A parallel beam of light was 
obteaned by placing a lens at its focal distance from the point source. 
Monochromatic light filters as prescribed by Plotnikow ("Lehrbueh 
der Photochemie p. 56, Table 14) were used. The reaction cell 
was mad by cutting out 1 cm. sq. surface from a piece of brass plate 
1 cm. thick and 4 cm. sq. which was afterwards electroplated with 
•gold. The solution was kept in the hollow space in this brass 
plate by means of two optically plane glass pistes held fast to the 
metal plate by means of rubber garters. The reaction cell was 
placed inside a double walled metal box provided with windows on 
opposite sides. The metal box was hinged on vertical supports fixed 
into the observation table of a Kdnig Marten spectrophotometer, so 
that at the time of taking readings the box could be turned through 
90° degrees and at that position one half of the slit of the speciro* 
photometer was illuminated by light passing through the glass plates 
alone and the other half by light passing through the glass plates and 
the solution. Through the annular space of the box, water from a 
thermostat was circulated by means of a pump worked by an electric 
motor. The temperature within the box was maintained constant 
within 0'1®0 (see Fig. 1). 

Spectrophotometer readings were taken with difierent concentra- 
tions of the dye in a given uranyl nitrate solution. By plotting 
those readings against the concentrations, standard curves were 
prepared from which concentration of the dye in an unknown solu- 
tion can be obtained by intrapolation. It has been foimd that for 
difierent uranyl nitrate concentrations with the same concentration 
of the dye difierent readings were obtained. Hence three difierent 
standard curves were prepared, as shown in Fig. 2, (1) with M/2 
uranyl nitrate, (2) M uranyl nitrate, (3) M/4 uranyl nitrate. The 
concentration of the dye formed during the progress of reaction was 
obtained by taking the readings at difierent intervals and calculating 
from the standard curve. The intensities of the incident light Vere 
measured by noting the deflections of a Moll galvanometer o<m- 
neeted with a Moll thermopile placed in front of the reabtion cell. 
The galvanometer and the thermopile were calibrated by a Hefner 
lamp which according to Gatlaoh, gives on a sq. cm. at a distknee 
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Spectro-photometer readings. 
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Concentration of the dye formed. 


FHOSOGBElilOiyi:* GXSOATWm. 


ol one mwitar 900 ovgtk of vadinttcm. The omounli of ligiA idMCvbed 
w»8 csloulMod loom the vehae of ex^nclaoa ooeffioieni of ucangrl 
nitrate meaeured with the qreohco^totometer. 

Wave-length ss 440/^i. 

Beading of the speotro-photo- Beading of the apeotro-photo- 

meter with water in the path meter with M/2 uramyl nitrate 
of light. in the path of light. 

46 42*1 

Length of the cel! = 1 mm. 


cd tan a. 


116. 


^ The dark reaction. -^The velocity of the dark reaction at tempera- 
tures below 40*’O was found to be too small to be taken into account 
in studying the velocity and the mechanism of the photo-chemical 
re8^*ibion. No after effect could also be noticed. 

Table 1 gives the data for the progress of a given reaction. 


Table I. 

Intensity pf the incident light=199 ergs per sq. cm. p. s. Wave- 
length of the incident radiation ~478-410 ftfi. (Dunkel Blau, Plot- 
nikow, “ Lehrbuch der Photochemie,” p. 56, Table 14). 


Curanyl nitrate— M/2 

Temp. 32^C. 

Cfenco hnec— M/20 

t in ttiinaten. 

CoBO. of the dye 
formed. 

Bate per hour. 

0 

0 

see 

40 

0*000046 

see 

70 

0*000066 

0*000090 

J^OO 

0*000066 

0*000080 

• 

160 

0*000064 

0*000018 

. • 


0*000104 

0*000090 

S80 

0*000194 

0*000090 

• 

Ifesa rats per boor ■» *000090. 
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die 

In the above table it will be seen that in the first 40 miniubes the 
reaction rate is distinotly greater thui what it is afterward. 
same phenomenon ol a period of acceleration has. been found idso in 
idl the other experiments. This is probably due to the fact that the 
leucobcMe at the beginning of the experiment is oxidised by the 
oxygen dissolved in the solution, the molecules of uranyl nitrate 
acting as a photosensitiser for this oxidation by oxygen. 

The reaction rate is zero molecular and is very slow. The 
reaction has been found to be zero molecular in all the experi- 
ments.<- In the subsequent tables only the reaction rate and the 
, conditions under which they have been obtained will be given. 
Table II gives the reaction rate for various intensities of light. 


Tablb II. 


Temp. 32°C 

Wave-length of the incident radiations=478—410 fin 
Ouranyl nitrate Cleuco bate” M/20 


Beaction rate 

0*000042 

0*000020 

0*000007 

Ouranyl nitrate -M/2 

Beaction rate 

0*000050 

0*000026 

0*000008 


Intensity of light 
(ergs). 

400 

199 

67 

Cjeuco ba»e“M/10 

Intensity of light 
(ergs). 

400 

199 

67 
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Tabi^b m. 

Intensity of light = 400 ergs, per sq. cm. p. s. 
Wave-length ss 478— 410 Temp. 82‘’C. 


C uranyl nitrate — M/2 




Beaction rate 0-000060 

0*000042 

0*000024 

0*000018 

Cjauco base M/10 

M/20 

M/40 

M/60, 


Intensity of light=199 ergs. Wave-length=478-410>*M 

Ouranyl nitrate— 

Iteaotion rate 0*000026 0*000020 0 000012 

Cfe*„?o b«. M/10 M/20 M/40 


Table IV. 

Intensity of light=400 egrs. Wave-length=478— 410 

Cteuco b«e =M/20 Temp. 32»C 

Reaction rate 0*000042 0*000086 0*000020 

Curanyl nitrate M/2 M M/4 


Diseuasiont 

In our reaction there are two substances which react together 
and bring about a photochemical change. Uranyl nitrate which is 
ccjoured yellow has got absorption band in the visible region, while 
the leuco-base solution which is perfectly colourless is not sensitive 

4o radiation in the visible region. According to the newer theories 
of the mechanism of a photochemical reaction active molecules of 
the photoactive components are first produced by absorption of 

* radiant energy. The concentration of the active molecules formed 

* is given* by the equation 

^ klo (1 — ... ... Eq. 1 

where lo is the intensity of the incident light, • the molecule extinc- 
tion ccefi&cient, c the concentration of the photoactive molecule, 4 
the thickness of the solution and h a con st a nt , 

9 


t 





J. 0, ft 


The actiTatad molmuie has aeertoin average life period of^exoita- 
tiozk and if within this period it oao collide with am aooeptor mole* 
cule, ohemioal transformation may occur. The probability of oolU- 
sion within the life period of excitation ir) will in the cases of solution 
increase as the osmotic j^pesaure of the acceptor molecules in solution 
increases, until Ua a large concentration of the latter, all the activat- 
ed molecules bring i^out chemical transformation by collision. The 
rate of oheihical transformation l<xt a constant rate of production of 
active molecules is given by 


dx T 

df “ ® T+t 


...Eq. 2 


(Carvo, Zeit. Physih, 1922, 10, 185 ; Turner, Phys. Review, 1924, 
23, 466). 

Now the time period t between two successive collisions between 
an active uranyl nitrate molecule and leucobase molecule will, oh the 
assumption that the kinetic theory of gases can be extended to dilute 
solutions, be given by the expression. 


where 


4e266-66 



2»N . rw 1 -fw 
k$ w, — m 


S 


a constant, 


4 the distance between the centres of two reacting molecules 
on collision and P the pressure of acceptor molecules expressed 
in millimetres of mercury. It is obvious that in order that T should 
remain constant during the progress of reaction, p should be kept* 
constant, in our experiments total change was very small compared 
with the initial concentration of the base and its concentration there- 
fore remained practieally constant. The "complete equation in our 
case is 


dt 


=sWo[ J 


1 


1 + 


1 


Eq. 3 

( 


sea 





il0 


For %{iak absotptimi oi light Fq. (S) trtthifdrtdB into 


di ~ 




1 + 


Aa*Tp 


Fq. 4 


If the change in a given reaction be very small compared with 
the initial concentration of the reacting stzbstahCes Eq. (4) reduces 
itself to 


dx 

dt 


Ipf Q • Cb 


1 + 


Aa'rp 


In our experiments the change ha the- concentration of uranyl 
nitrate during the course of the reaction was almost insignificant 
*oompared with the concentration of uranyl xutrate. Eq. (5) indicates 
that for a particular reaction where a and p are constant ^sb/ or 
the rate is also constant. The experimental reCults agree with this 
conclusion. Eq. (5) also shows that is directly proportiona l 

to each of the variable factors provided that p and one of the factors 
lo and a are oonstemt. Our data agree with tins conclusion. For 
constant ^rate of production of excited moleculest i.e.t for constant 
light intensity and given uranyl nitrate concentration! the equation is 


dt 


or rate = k. 


1 + 


Aa*Tp 


_1 1 . 1 

Eate k A.«*Tp *fc 


* Therefore 1/Bate plotted against 1/p should be a straight line. 
The intercept of the graph is obviously 


• *- 1 ^ ai^tfae slope 


1_ 

k ’ Aa'r 


Therefore 


Intercept 

Slope 


5aAo*T. 


Intercept sa'6 and slope =* 6’8 K 10* 
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^6 


as2 X 10* *. If a*= 8 X 10“* om., r becomes 4'9 x 10~f * sec. 

I 

% 

Interoept = 1*2 end slope — 14 x 10* so that r jbas the same value. 

Temperature Coefficient of the Beaction. 

It has been found that for an increase of lO^C from 22** to 
32° the reaction rate remained practically the same. Hence so far 
as the temperature coefficient is concerned this reaction falls under 
the category of photochemical reactions haying no temperature cO' 
efficient. 

Application of Einetetn'e Law of Photochemical Equivalence . 

As this reaction has no temperature coefficient, its reaction rate * 
varying directly as the intensity of light and uranyl nitrate concen- 
tration it was thought that Einstein's Law might be obeyed in 'this 
case. But actual calculation shows that more than one quantum is 
necessary to transform one molecule of leucobase and so the effici- 
ency is less than unity. 


Table V.. 

Cone, of uranyl nitrate=M/2 

50 X lO*"® 

Rate for M/10 cone, of leuco-base ^ ^ qq gm. moles, per. 


sec. per litre. 


Incident light intensity^ 400 ergs. 


Percentage of absorbed by M/2 vuranyl nitrate concentration 1 mm. 
thick for wave-length limits 470-410 fytasl3*5. Hence quantity, 
of light absorbed per sq. om. of the reaction cell per sec. 


18*6 

X 


400 ergs. 




100 
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•No. ol quanta of incident blue light of average wave-length 




440 mi> ss 


18- 5 

100 


x400x 


440xl0-» 

6*d5xlO-»»x8xlO‘® 


11*7 xlO**. 


No. of moles, transformed per sec. per 1 c.c. (for the depth was 
1 mm.) 

50x10-* 6*06 X 10* » „ , 

60 x 60 ^1000x10’ * 


, No. of quanta , . ... 

Therefore ^^f molw = approximately. 

This calculation is based on the statement due to Plotnikow 
that the filters used in this Investigation transmitted mainly blue 
light and only a very negligible quantity of light of other wave- 
^*lengths. A thorough investigation to test the validity of this state- 
ment is now in progress. It is also intended to study the influence 
of pure monochromatic radiation obtained with the aid of a mono- 
ohromator on this photosensitive system. 

• 

Effect of Different Wave-lengths on the Rate of Reaction. » 

By means of light filters (Plotnikow. loc. cit.) the action of the 
following monochromatic radiation was separately studied. — ^red 
780'689fi/« ; yellow 640-574 (*■{*■ ; green 540-505 ft/* ; light blue 494- 
458 ft/* ; dark blue 478-410 /*/*. The region 478-410 /*/* was the most 
efficient. All the experimental data above recorded have been 
taken with this spectral region. Light blue had also some effect 
but it was very small compared with that due to dark blue ; effect 
of red radiation was very small whilsf^ those of yellow and green nil. 

It was thought that the dye after it has been formed might 
absorb radiation and accelerate further change, hence we should 
have auto-catalysis in white light. No such phenomenon has been 
observed. We also made one experiment in which after some dye 
has been formed by the action of dark blue light wp changed the 
filters gnd red light was made to be incident upon it but no further 
reaction took place in a sufficient length of time. BEenoe light 
absorbed by the dye has no effect in the rate of change of the 
reaction. 
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8ummarf, 

1. I%e oxidation of the leuoobase of maloohite green by means 
of niMiyl nitrate is porely a pfaotoohemieal phenomenon. 

2. Spectral region 478'410 ftp is the most efficient radiation in 
bringing about the photochemical change. 

3. Hie photochemical oxidation has got no temperature co* 
efficient. 

4. The reaction rate varies directly as the light intensity and as 
the concentration of uruiyl nitrate. 

, 5. The inverse of reaction rate plotted against the inverse of 
the concentration of leuccbase is a straight line, as demanded by 
Cairo-Tumer equation. 

Tas Chimical Labobatobt, 

Dacca. UMiviBsm. Bteeivtd April, 10 , 1927 . 



Extinction Coeftoients of Mixtures of Uranyl Nitrate 
and Orguiio Acids in ■ the Ultrariolet, as Experi- 
mental Eridence in Faxonr of the Formation of 
Unstable Intermediate Compounds. 

o 

By Jkakekdra Chandra Obosh and Bhupendra Nath Mittbr^ 

It is well known that almost all organic acids imdergo photo* 
chemical decomposition in presence of uranyl salts. The general 
mechanism of this photo-chemical reaction is not yet definitely 
settled, and this investigation was undertaken with the object of 
elucidating this problem. 

• Victor Henri (Conipt. rend., 1914, 158, 181) has already 

* observed that the extinction coefficient of mixtures of oxalic acid 
and uranyl salts in aqueous solution for wave-lengths in the 
ultraviolet is greater than the sum of the extinction coefficients 
of these solutions for the same radiation taken separately. No 
systematic work, however, has been done in the subject, and no 
clear explanation of this phenomenon has been offered. 

If we accept the theory that a change in colour is due to a 
dhange in the nature of the molecular species, then it is not 
difficult to obtain a simple and quantitative explanation of this 
exaltation in the value of the extinction coefficients. Let us 
assume for the sake of simplicity that one molecule of uranyl 
nitrate (U) may combine with one molecule of an organic acid (A) 
to give us one molecule of the intermediate complex (M). Then 
applying the law of mass action, if *a; be the concentration of the 
intermediate complex, and Vi and the initial concentration of 
uranyl nitrate and of the organic acid respectively. 


^ ( 1 ) 

At the same temperature the value of K should femain constant. 
•ax a 

Let £4 and £]f be the molecular extinction ooelleimkta for 
Wave-length ^ * of the uranyl salt, the organic acid, and the 
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intennediaie o(»nplex respectively. Then the observed extinction 
coefficient for the mixture 

= K ]‘+ ®A [^*1 -“’iJ' + Em 

♦ 

where Z is length of the solution through which light passes^ 
For other dilutions, 

K “ ”*•] ^ [ ^2 ”®a ] + [ *• ] * (3) 

Mid ^ U, — J Ai — a* J = Kx, (4) 

The values and , E^, E^ , [^i], L^*], [Ag I 

and Z are experimentally measured magnitudes. 

There are thus four unknown quantities x , x . K, and E^, 

and four equations, and hence their values can be determined. ' For 
toy other wave-length, X', since the value of K always remains the 
same, x can be easily calculated from equation (1) and therefore 
from a single measurement of extinction coefficient of mixture an/1 
of the components separately, it is possible to calculate the value 

of as will be clear from the following equation. 


r WT 


r n 


r -1 

L''-, 

+ 1 

I 

1 

1 

1 + 

1 


From the tables given in the paper it will be seen that the 
experimental data of extinction coefficients of mixtures in most 
cases can be quantitatively explained — 

(1) on the basis of an equilibrium in solution between the uranyl 

salt and organic ' acid as reactants and an intermediate complex 
formed by the loose combination of one molecule of each of the 
reactants, and ' 

(2) on the assumption of a definite value of molecular extinc- 
tion coefficients for each wave-length for the intermediate complex so 
formed. 
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BxPBaiMBNTAL. 

The uraayl nitrate and the acids were carefully purified in the 
laboratory, and the extinction coefficients were measured with the 
aid of . rotating sector photometer of Adam Hilger in conjunction 
with their quartz spectrograph. 

Though the photographic density of the two spectra in juxtaposi- 
tion can be compared fairly accurately still the probability of error 
in the value of the extinction coefficients is certainly ^ 7 ^ . 

The length of the tube containing the solution was 3 cm. in all 
the cases. 

Table I. 

M/200D Vranyl nitrate (U) and Formic Acid (A); JfssslO. 


, 

FOB WAVB-UNOTH {K) 

1 1 

1 

Cone, of iut. 
complex aa 
calculated. 


2770 

2600 

2646 

2607 

ujtooo u 

•26 

•66 

•6 

•7 


M acid 



•2 

•6 


ld/2000 U-Md acid mixture 


•90 

106 

... 

•466 K 10* 

E oalc. * 

H 

•92 


... 


M/5 Mid 

... 

... 

•06 

•1 


H/20Q0 n M/5 aoid mixture ... 

•80 

•75 

•85 

1-2 

•38 xlO* 

E calc. 

•32 

•75 

•86 

1-8 


M/10 acid 

. . 

■ 

... 

•06 


||I/2000 U -I- M/lOacid mixture 

•30 

B 

•76 

1-06 

•25 xlO* 

E oalc. 

•30 

B 

•76 

106 


M/20 acid 


... 

B 


a 

M/2000 U + M/20aoid mixture 

•26 

•66 


•9 

•166 X 10* 

JR calc«« ••• ••• 

•28 

•66 

B 



M/60 acid ^ 

M/2000 U ^ M/60aoid mixture 

•26 

•6 

•65 

B 

•088 x 60* 

E calc. 

•27 

•6 

• 

•66 

•80 



IQ 






























la oaloulatiag the vakiatf ^ol fS for the Tarious aiiztur^S has 
'UtoeH' aaimtaed to be iO ia the otoes aad gitea the * folfowing 
^^alues for eeiriotfB wate^leagths— 

A - fl770 3800 «S40 »HW 

B - ‘lOxlO* •80x10* -80x10* -60x10* 

M ■ * 

' 'With rill /lOOQ cOnc. of uranyl nitrate and varying oonc. of formic 
acid, extinotion coefficients could' be measxired for higher wave-lengths 
and the observed values of extinction coefficients for noixtures could 
'f>o reproduced by assuming £=10 and 

A - 2961 2770 2600 

Ejj - -06x10* -lOxlO* 80x10* 

Tabls II. 

M/2000 Uranyl nitrate (U) and Acetic acid (A); £=6. 


































il&TlXrCTIO]^ COBVFIOXENTd 



In^wloulatiag the Vedues of lor the various mixtures has 

been assumed to be 0 in all the oases and given the following 
values for various wave-lengths— 

^ > S770 2732 2600 2M5 

‘S8ttl0» -68x10* ‘eOxlO* 

With M/1000 o<Mio. of uranyl nitoate Mid varying cono. of aeetio 
acidt extinction ooeffioients could be measured for higher wave-lengtiis 
and the observed vidues of extinction coeff. could be reproduced by 
assuming Ksz6 and 

X * 3061 2770 3723 3600 • 

. 20x10* -eOxlO* -S^xlO* *64x10* 

Tabus m. 

M/2000 Vranyl nitrate (U) and Propionic Acid (A); Kss4. 


ZtOa ^rOB WATB.UNOTB (X) 


> 

I 2770 

j 

2600 

^45 

2507 

X calculated* 

• 

Mf2000 U 

! 

‘25 

•56 

•6 

*7 


M/5 acid 

••• 

• •t 

•1 

1 

•15 


Mixture 

• 65 

1*10 

1*25 j 

eee 

•22 3c10-» 

calc* ••• 

• 

•54 

111 

1*26 

a 


M/10 acid 

• t 2 


05 

•1 


Mixture 

•45 

•90 

I'OO 

1-2 

•l43xl0-« 

E calc* 

•44 

‘91 

I’Ol 

l*3 . 


M/20 acid ••• 

• • • 

1 

... 

••• 


* Mixture 

•86 

•76 

j ‘80 

•96 

•08S»10-» 

B fiSk. -ui- 

•35 

•70 


•98 

1 

M/50 acid *•• 

•V 

... 

... 

a a « 

• 

Mixture 

•8 

•65 

•70 

•a 

•088 K 10-» 

Dcalcx 

•8 

•64 

•69 

•6 < 







w 

M/lOOaci^ . ... 


• •• 




Mixture 

•25 

S ' 

*6 

IPI 

•78 

•012x10^* 




_ *6 


•78 

• 























^8 J. C. ^kOSH 4Nl> B. ir. klTT^ 

In caloulnUng the Talues of E. S has been assumed to be 4 and 
the following values of given— • 

A. » 2770 2600 2S46 2S07 

- '66 k 10* 1*26 KlO* 1*26 K 10* 1'89 k10* 

With M/1000 oono. of uranyl nitrate and different oono. of pro* 
pionic acid» extinction coefficients could be measured for higher 
wave-lengths and the observed values of E could be reproduced by 
assuming Ess4 and 

A -i 2961 2770 2600 

f - '84K10* 'OeKlO* 1*28 KlO* 

Table IV* 


M/2000 Uranyl nitrate (U) and Oxalio acid (A); Es:ll5. 




is 

liOOT • 

FOB WAYB-BEKOTH (\) i 

m calculated* 



8864 

8274 

2961 

M/iiooon 


1 

ace 1 

•15 

« 

M/IO acid 

... 


•1 

•6 

t 

Mixture 


•25 

•6 


•460X10-* 

S oalc. 


*24 

•6 

... 

<1 

M/20 acid 

• • • 

... 

•05 

0-3 

' 

Mixture 

... 

•25 

•55 

1'40 

•426xl0-» 

S calc. 


•22 

j -52 

1 

1 . . 

1 1-37 

f , . . 


M/40 acid 

• • • 

••• 

1 

1 

•15 


Mixture 

• • 

•20 1 

•4 

1-1 

•371xlO-» 

B calc. 

... 

•19 

•4 

i 1-1 

i 

« 


M/100 acid 

*.. 

aaa 

... 

1 


Mixture 

... 

•15 

•3 

i -75 

•266 K 10- • 

B calc* 

• • • 

•14 

•3 

i -73 

- 

M/200 acid 

a •« 

... 


1 

• 9 9 


Mixture 

... 

•1 

•2 

•55 

•182 X 10-» 

£ calc. 

... 

•1 

i 

2 1 

i 

•55^ 

L 





















iipTtNCTION OOBFS^iOIBNTB 859 

In calculating the values of Ei K has been assumed to be 115 in 
all thi oases and the following values given — 

K » 8364 ^74 2961 

- •27 k 10* 1’08k10» 

With M/1000 cone* of U and different cone, of omUo acid E could 
be measured for higher wave-lengths with K^115 and 

. \ => 3485 3864 3274 2961 

Bjj “ -146 K 10* •27 k 10* *66k10» 1:08 k 10* 

Table V. 


M/2000 Vranyl nitrate (U) and' Malonic acid (A); Esi80. 


i 

i 

liCO^ 

' vom WaVB-I.KNOTH (\). 

X calculated. 

2961 

2770 

2722 

2600 

M/2000 U 

•15 

•26 

-3 

•56 


• 






M/10 acid 

... 


... 

• • • 


Miziare 

•35 

•85 

ri 

... 

•44k10-» 

£ cftlc. 

•36 

•86 

1-1 

... 

1 

M/20 acid 


t •• 

... 

... 


Mixture 

•35 

•8 

1-0 

... 

•4k10-» 

B calc. 

•34 

•8 

1-0 



M/40 acid 


... 

... 

• ee 


Mixture 

•30 

•70 

•9 

1 * * * 

•33k10-» 

B calc. .*• 

•31 

•71 

a 

• • • 


M/100 acid 

a«« 

... 

• •• 

... 

• 

Mixture 

•25 

•65 

•7 

1-25 

•29k10-» 

Bcalc. 

•26 

•56 

•7 

1-24 


« 



! 







• 


M/200 aqjd 

... 

ini 

... 

1 « • 

•148k10-» 

Mixture 

•20 

■1 

•55 

1*0 


dS calc. 

* -21 

Hi 

•65 

1*0 




























J. C. OHOSH AMD B. M. 

In caloulating tiie values of E. K has been assumed tQ be 
80 in all the oases, and the following values of E for various 

wave-lengths given«>- 

X o 9961 9770 9799 9600 

Bj( - *94 K 10» *69 >t lOi *00 x 10* • 1*60 x 10* 

With M/1000 cone, of U and different cono. of malonio acid the 
following value of E^, reproduced extinction coefficients for various 
mixtures with K = 80. 

X , - 8974 9961 9770 

- -12 X 10* ‘92 X 10* -69 x 10* 

« ^ 

Table VI* 

M/2000 Uranyl nitrate (U) and Succinic acid (A) K — 50* 


IjOO^ rOB WAVB-LBH&TB (X) 




2770 

2600 

2546 

2607 

X calculated. 

M/9000 U 

... 

‘26 

•56 

•6 

•7 

$ 

M/10 acid 

... 



•05 

•1 


Mixture 


•60 

i-oo 

1-1 

1-4 

*416 K 10- » 

£ calc. 

... 

•47 

•97 

107 

1-4 

c 

M/20 acid 

... 

■1 



•06 


Mixture 

• ff • 


•90 

•95 

1-25 

•367 X 10- * 

£ calc* 

■ • • 

■1 

•91 

•96 

1-23 


M/40 acid 

• •• 

... 

• 

... 



Mixture 

... 

•40 

•85 

•90 

11 

•277 10- • 

£ calc. 


•39 

( -88 

•88 

11 


M/ioO acid 

... 

... 

... 


... 


Mixture 

... 

•85 

•70 

•76 

•96 

•166 X lO-* 

£ calc. 

• ji. 

•84 

•72 

• 77 

•94 

• 

M/2C0 acid 

• * « 

... 

*• • 

■1 


c 

Mixture 

* • • 

B 

•66 


■9 

•100 K 10-r 

£ calc* 

... 

•a 

•65 

■Bi 

HI 

r 
































BXtlNCTION COBFPICJIBNTS 861 

•J!|t <ialeuUi»i&g tiM iralu«B of E, K has been assumed to be 50 
and the* following values of given^ 

A • 3770 3600 3646 3607 

-• •38 X 10» •68 X 10» -63 x 10» •75 x 10* 

» -• 

With M/1000 cono. of U and different concentrations of succinic 

acid £ oould be measured for higher wave lengths with K=00 and 

A - . 8374 3961 3770 3600 

** ’SOxlO* -68 X 10» 

« 

Table VII. 

M/2000 Uranyl nitrate (U) and Glycollic acid (A); £*=15. 



i Looj 

J FOE WAVX.LKNGTH (A). 

X calculated. 

3770 

2722 j 

2600 

i 

1 2545 

^^/3000 U 

««« 

•25 

*3 

*55 

•6 


M/5 acid 

... 

•8 

•8 

•3 

•35 


Mixture 


•85 

■a 

145 

••• 

*875 X 10-» 

B calc. 

... 

•85 

1 

■1 

1-46 


1 . . .... j 

M/20 acid 

««• 

1 

05 

•05 


1 

*1 

1 

! 

1 

[ 

* Mixture 

« « « 

•45 

•65 


12 

*314 X 10-» 

£ calc. 


•4i 

•64 


12 


M/50 acid 

• •• 1 


... 

... 

... 


Mixture 


•35 

•45 

‘75 

•90 

•115 X l0-» 

E oalc. 

• • • 

•34 

•45 


•86 


M/lOO scid 

•ee 

... 

... 

... 

... 

• 

Xistiue 

• •• 

•a 


•66 

•76 

•066 X 10-» 

^ fi calo. 

... 

•8 

•89 

•66 








• 


M/300Moid 

e • « 

... 

... 

« « • 

1 


Ifistlire 

... 

•36 

•86 

■60 

•70 

■086 X 10-» 

* B eslo. 

•* . 

•88 

86 1 

•61 

•68 
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J. 0. GHOSH AND B. N. MITTEB 


In calculating the values of E« K has been assumed to^ be 15 

c 

and the following values of E given— 

M 

A o 2770 2722 2600 2645 

*41 X 10* *67 X 10* *82 #10* 116 x 10* 

With M/1000 cone, of U and various cone, of glycollic acid E could 
be measured for higher wave-lengths with K = 15 and 

A » 8274 2961 2770 2722 2600 

13x10* *17x10* *40x10* *68x10* *82x10*, 


Tablr VIII. 

M/2000 Uranyl nitrate (U) and Lactic acid (A) ; K = 10. 



T I* 

liOQ T* FOB 

1 1 

WATX.I.XNOTII (X). 



2961 

2770 

2600 

2646 

X calculated. 

1 

M/2000 13 

i 

•16 1 

j -25 

•66 

! i 

» 

; -6 

F 

1 

( 

f 

M add 

j 

1 

•4 

I 

*5 


Mixture 

•40 

1 1-0 

i 

... 

r 

1 *456 X 10-* 

E calc. 


1 

1*0 

i 

... 


< 

1. 

M/6 add 

... 

i 

1 

•05 

•1 


Mixture 

•35 

•66 

1-2.5 

1*5 

•380x16-* 

E calc. 

•35 

1 -65 

< 

1-2G 

1*6 

5 


M/10 acid 

... 

... 

■■■ 

•05 


Mixture 

•3 

•65 


1*26 

*260x10“* • 

£ calc. 

•3 

» *65 


1*26 

[■ 

1 

M/20 acid 

... 

... 

... 

... 


Mixture 

*25 

*45 

•90 

1-0 

•165 X 10- » 

£ calc. .c. 

•26 

•46 

•88 

1*0 

« 

4 

M/60 acid 

■ 

... 

... 

• a. 

■■1 

Mixture 

•2 

•86 

*70 

*8 


£ calc. 

•2 

•86 

•71 

•8 

mm 


























iqETINOT XON COBFFICIIBNT6 

In osloulntiag ih« TalucMt of E, K bas been assumed to be . 10 

and the loMowing values of E* given— 

A - 2961 2770 2600 2546 

‘SO* 10* -eOKlO* 1*00 X 10* 1-20x10*. 

With M/1000 cono. of U and diflerent oonc. of lactic acid E could 
be measured for higher wave-lengths with E =: 10 and 

K - 3274 2061 2770 

- *21x10* '30x10* -OOxlO* 


Table IX. 

M/2000 Uranyl nitrate (U) and Tartaric acid (A) ; K =* 20. 


1 

i 

t 

KOB WAVE-LKNGTB (X). 

1 < 

X calculated. 

i 

2961 ! 

i 

2770 

2600 

2546 

M/aOOO U 

■15 

*26 

•65 

•6 


M/10 acid 

... 

... 

•1 

•1 


Mixture 

•46 

•66 

1-46 

... 

•33xl0-* 

E calc^ 

•46 

•64 

1-44 

... 


M/20 acid 

... 

i 

•05 

•06 


Mixture 

•36 

•66 

1-20 

1*46 

•26xl0-» 

• 






E calc 

•37 

•54 j 

1*19 

1-45 


M/40 acid 

... 

! 

. . . 

... 


Mixture 

•8 

-46 

•96 

116 

*166xl0-» 

• 

E calc 

•3 

‘44 

•94 

1-18 





• 



M/100 acid 

... 

• a* 


•«e 

• 

Mixture 

•20 

•86 

76 

-86 

•083 X 10”* 

E calce 

*22 

•36 

•76 

87 ' 


• . • 




. . . M 




1 




M/200 acid 

... 


... 

... 

• 

a 

Mixture 

■20 ! 

•8 

•65 

*76 

•046x10-* 

B oalo. 

. *19 

•8 

•66 

*76 


• 





. ... 




















J. O, OaOSH ASP B; N. IIITTBB 
ftAlnniaii tig the Vftloes o£ Bt K ha* baas awramad to ba ^ aad 
the ioUpwing values of B^ giveii~ 

\ - 9961 mo 9600 9646 

B o ‘44x10* ‘68x10* l‘18xl0* l‘60xl0* 

' ** « 

With M/1000 oono. of IT and diflarant oono. of tartorie aeid B could 
be measured for higher wave-lengths with Ks»20 and 

X - 8864 8974 9961 9770 

— *80 X 10* ‘46 X 10* ‘46 x 10* ‘SO x 10* 

S 

Tabia X. 


M/8000 Uranyl nitrate (U) and Mandelie acid (A); KssSO. 



Ijoq 

I 

FOE WAVB-LBMQTR (X), 

A t 

Cone, of int. 
complex as 
calculated. 


8974 

2061 

2770 

2722 

M/9000 O 

... 

.15 

•25 

•8 

1 

4 

M/10 add 

... 

... 

•4 

... 


Mixture 

•25 

•55 

1-25 

... 

•415xl0-» 

E calc. 

•25 

•55 

1-25 

... 

f 

M/90 acid 


... 

•2 

1-5 

« 

Mixture 

•20 

•50 

•95 

... 

•357 X 1Q7» 

Scale. 

•21 

•49 

•96 

... 


M750 acid 

... 

... 

•05 

•6 


Mixture 

•15 

•40 

•65 

a • • 

•25xl0-» 

E calc. 

•15 

•89 

f 

•66 



M/100 acid 

... 

... 

aaa 

•8 


Mixture 

•1 

•3 

•5 

1-00 

•165 X lO-* 

E calc. 

c 

•1 

•8 

•5 

•98 

• 

M/900 add *' ... 

! 

... 

... 


•15 

‘ 4 

Mixture 

.a. 

•26 

‘40 

•65 

•lOxlO-* 

B calc. 

■w 

••• 

•24 

‘89 

'•68 

i 

































Mstf mol^lQN <30itP^GSBin^S ^$5 

Ii» p«leul»tiiig ib» Tftlties ol X lor lfa« various mixti^rea. It biui 
been assumed to be 50 in all the oasesi and given the following 
values for various wave-lengths — 

\ - 8374* 9961 3770 3788 

- -SOkIO* ‘'48x 10* *7axl0* 1*18 x 10* 

With M/lOOO oonc. of uranyl nitrate and varying cone, of 
mandeJic acid, extinction coeff . could be measured for higher wave- 
lengths and the observed values of extinction coeffs. for mixturea> 
could be reproduced by assuming jffis=50 and 

K - 3436 8864 8374 3961 3770 

- -ISxlO* *34x10* -80x10* •48x10* *71x10* 

Certain regularities have been found between the values of dis- 
sociation constant (K) of intermediate complex formed by the 
combination of uranyl nitrate and organic acid Mid the constitution 
of that acid : 

1 . In a homologous series the value of K diminishes as we go 
higher ^up the series in a definite ratio for each addition of a (CH,) 
group— 


Formic _10_Tftc. Ac^c 

AcSSr 6 ' PropioDio 4 ’ 


Oxi^lic ^ 116 HsloPic 

Malonic 80 ’ Saccinic 50 


2. The value of K increases about 12 times as the hydrogen 
atom of a (CH,) group is replaced by a ^OOOH) group— 


Oxalic _ 116 Malopi c Bocoinio «80_jg.g • 

Formic” 10 Acetic 6 ’ Ptopiooic 4 

^3.' In the case of monobasic acids. replacemesi> of a hydrogen 
atom in a (CH,) group by (OH) group inorewBes the> vfdue of disso- 
ciation constant 2‘5 times. 


OlyeoUie 

Acetie 



Liaotio ^10^ 
Prqpkmie 4) 


8 * 6 . 



J. C. OfiOStt AND d. N. IfttrAR 


taveBtigatioaiB on the behaviour of uomatio adds in preumhoe of 
uranyl nitrate could not be carried out as these aromatic acids are 
sparingly soluble in water wd their extinction coefficients in near 
ultraviolet have very large vdues. 

Investigations are in progress with a wiew to find out by this 
method if the photochemical oxidation of organic acids by ferric 
salts is preceded by the formation of an intermediate compound. 


Tas CBsmcAt. Labobatost, 
Ukitbbsitt or Dacca. 


J2Me««ed April 19, 1927. 



Gas Yolumstri« Estimation of 800H in Organic 

Snlphinic Acids. 


By S. Krishna and Braowan Das, 


The characteristic property of the carboxyl group in organic acids 
is that it liberates iodine from a mixture of pure potassium iodide 
and iodate, and the reaction proceeds more or less quantitatively 
accordingly to the equation.— 

6R.COOH+5KI+KIO, = 6R.OOOK+3I, +8H.O. 

The iodine can be quickly and accurately determined by measur* 
^ftg the volume of oxygen which it liberates on treating it with a 
freshly prepared alkaline solution of hydrogen peroxide : 

I,+2K0H+H,0, = 2KI+2H,0+0*. 

As^n most oases the liberation of iodine by the action of organic 
acids on alkali iodide and iodate is slower than the mineral acids, 
aoKux {Zeit. anal. Che m., 1898, 32, 129) investigated the different 
conditions under which the common organic acids (R.COOH) could 
be estimated quantitatively by gas volumetric iodine process. The 
reaction usually proceeds at ordinary temperatures, but in certain 
cases the reaction is rather slow, but is appreciably accelerated by 
the action of beat. 

The method has also been employed successfully in case of 
certain derivatives of the acids that contain positive groups. 
But it fails when such negative groups as sulphonic, sulphinic, 
nitro or hydroxyl are present. The reason obviously being 
that these also liberate iodine from the mixture of potassium 
iodi4e and iodate, and in certain cases, it has been noticed that 
thS liberated iodine reacts very quickly with the compound replacing 
the original group altogether. Experiments in this 'direction have 
been carried out by Datta and Bhoumic {J.Atner. Chetn. 8oo., 1921, 
48 , 808) who have found that when a current of chlorine gas is intro* 
duded into an aqueous solution of sulphinic acid, the lulphinic group 



S. AND B^<3^WAN Z>Ad 

ia defcaehed witb tho aimultaneoua production of the oonre^cpding; 
cbloro>derivetiTeB. ' * . 

OH Cl H OH 

SO, < + : + : *SO, < +XC1+HC1 

X 01 OH OH 


where X represents the oi^uiio radicle to which the sulphonic group 
is attached. 

It has also been found that aromatic bodies which already contain 
an hyd^xy group, as in the case of phenols and oxy-aoids. exhibit 
'a special facility in the displacement of sulphonic group by chlorine : 
thus anisole and phenetole sulpontc acids have given tetrachloro- 
ketodihydrobenzene. 



Pope and Wood (J. Ghent. Soc., 1912, 101, 1827) found 
that a mixture of alkali bromide and bromate acts better* in the 
replacement of sulphonic groups, though in some cases it cause ^ 
an oxidising effect especially if there are easily oxidisable groups, 
para or ortho to each other ; for example, aniline sulphonic acid 
gives chloro-quiuone. 

From the above discussion it was concluded that the action of 
potassium iodide and iodate on wromatic sulphonic acids was not 
always in accordance with the Kux’s equation, but instead it 
effected the replacement of sulphonic group and at the same time' 
produced a compound containing iodine in the benzene nucleus. 
Similar results have been obtained by Krishna and Pope on 
the action of KI and KI, on some hydroxy acids ( J. Chem- 
8oc., 1922, 121, 798). From their experiments on salicylic acid, 
p. hydroxy benzoic acid, 3 ;5-nitro-salicylic acid and 8:5*dinitro- 
salicylio acid, it was found that the amount of iodine liberated ‘fell 
much below the quantity demanded by Kux’s iodine equation. 
It has been found that in each case the COOH group is completely 
removed from the nucleus and its place is token up by iodine 
that is produced diuring the reaction, the ccsresponding tri-iodophe- 



> Oiifi TOi.^lC]fmO SSTZKATIOir 09 BOOH BBd 

nol pn^uioed ib& cMe. TbU brings tlis zesetinn bato 

agreentent with tiis well known case of the replacement of acidic 
groups in armnatic sulpbonio acids. Therefore under these oir<!. . 
cumstances. it is not possible to determine the carboxyl group by 
the usual Kux’s method. 

The present work has been conducted to study similar reactions 
with organic sulphinic acids. It has been found that when an 
aqueous sojiution of potassium iodide and iodate in certain propor- 
tions is added to an aqueous solution of bensene sulphinki acid, 
there is an evolution of free iodine, shown by the colour produced, 
which has been found to be in agreement with the equation, • 

6ESO,H+6KI+KlO,= 6BS0,K+8I,+8H,0. 

The reaction has been investigated in the case of the following 
sulphinic acids, which were prepared according to the well-known 
methods. 



Benzene sulphinic acid 

9 

p-Toljl eulphinic ftcid. 
p-Dicblorobeusene guipbinic acid. 


p-Cbtornitrobenzene-o.BulpbiDic acid. 

m«SalpbuiobeBzoic acid. 
p-Dibromobensene guipbinic acid. 
^•Chlorbenaene guipbinic add. 
p-Metboxy tolylguipbinic add. 
p-Sulphino-acetanilide. 
5.6ulpbino-galicylic acid. 
m.Benaene diaulpbinio acid. 

* • 

p.Bulpbino-oinnamic acid* 
p.Biuindl>ektaene guipbinic acid. 
p*Anigoi guipbinic acid. 



180-82^ 


118-19® 


Beferenoeg. 


I Gattermann, Bar., 1899» 32, 
1141. 

Do. 

Stewart » J. Chem, Bee., 1922, 

121 , 2557 . 

Eriabna, J. Chem, Boc,, 1923, 
123, 157. 


197-98® Gattermann, Zoc* cit. 


Do. p. U48. 


Stewart, loc. 


Autenreitb, B 0 r.« 1908, 2S, 
189. . 


140-42® Stewart, p. 2560. 


Stnilea, J. Ototi. 86e., 19Sl2, 
121* 2858. 
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Aoids. 

M. p. 

Beferences. ^ 

p-Phenetol tnlphiiiic acid 

; 104—106*^ 

Gattermann* loe* ctt. p. 1144. 

p-Kxtro-toluene sulphinic acid ••• 

... 

• 

Naphthalene sulphinic acid ... i 

104-.106® 

Gattermanu, /oc. ctf. 

p«8ulphino phenyl acetic acid 

142® 

Smiles, /oc. oit 

Guaiacol sulphinic acid. 

... 



In all the cases studied there is no detachment of the sulphinic 
group from the molecule, as has been observed in the case of 
sulphonio group, nor is there any evidence of the production of 
iodo derivatives. Therefore Kux’s gas volumetric method can be 
applied for the quantitative estimation of sulphinic group. The 
reaction proceeds normally at the room temperature (15 — ^20‘’C), 
undue rise of temperature having a deterimental effect due to tb.e 
loss of iodine. ' 

The general factors essential to the success of the experiment 
are the purity of the reagents, and em approximate adjustment of 
the proportions in which these are mixed. Potassium ioditjie etnd 
iodate used must be acid free. It is found advisable not to use 

c 

more than double the theoretical quantity of hydrogen peroxide 
and about six times the theoretical amount of potash. A freshly 
made solution of one part of potassium hydroxide free ffom 
carbonates, in one part of distilled water (free from carbon dioxide) 
and 2 to 3 ^ solution of hydrogen peroxide were found to yield 
the best results. 

The method of procedure in the beginning was conducted on the . 
liriAH of K.ux’s iodine methj^d. It was found that on adding a 
warm (50—80°) solution of the acids in small portions at a time 
to' a warm aqueous solution of potassium iodide and iodate (in 
proportions demanded by the equation given above) and digesting 
the mixture on the water>bath for some time (usually twenty 
minutes) the amount of iodine liberated fell znuch below ,.t]}e ' 
quantity den&anded by the equation and involved an error of more 
than 25% in many cases. Heating or longer digestion wefe there- 
fore found to be inadmissible, and instead an ice cold aqueous 
acid solution added to an ice cold mixture of potassium iodide isnd 
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iodatf, and tiiis brought to the room temperature (16«20*) woa 
found tb jri^d the beat reatilts. 

An attempt has been made to explain the mechanism of the 
reaction. Very probably, the first step in the reaction is the 
formation of a sulphonyl iodide : 

B. SOOH+I. B. SOOI+ HI 

which reacts further with the alkaline hydrogen peroxide and liber- 
ates the requisite amount of oxygen. 

B. S00I+H,0,+2KnH = B. S00K+KI+2H,0+CT, 

• 

That sulphonic iodide is the first product of reaction is shown 
by the fact that on addition of potassium iodide and potassium 
iodate solution to sulphinic acid a thick yellow precipitate always 
results as has been isolated in many cases and found to be sulphonic 
iodides. Instances of the formation of sulphonic iodides have been 
found by Hinsberg (Ber., 1908, 11 , 2836). The iodides have been 
fpund to be rather unstable bodies which break up into free iodine 
and the acid, thereby attaining an equilibrium. The free iodine 
liberated can be estimated by the usual method with standard 
thiosulphate solution, but only in such oases where the liberation 
of iodine is complete and there is no formation of intermediate 
sulphonic ^odides, but where the iodide has not completely de- 
composed into iodine and acid, and the liberation of iodine is not 
quantitative, it is not possible to estimate the free iodine with 
thiosulphate solution. 

In some cases in the solutions a white precipitate is observed 
and this probably is a disulphone. Instances of the formation of 
these disulphoncs have been found by Hinsberg (Zoc. cH.) where he 
• has investigated that organic sulphides are converted into sul- 
phoxides and disulphoxides (B. 60, S. H) which absorb oxygen and 
get converted into disulphones. A reference may also be made to 
the work of Hilditch {J. Chent. 8oc., 1908, II, 1524) in this connec- 
tion. In the present case the foirmation of dilsulphones may be 
represented according to the equation U: 

B. SO.H-H, = B. 60,1-1- HI 
B. 60,I+B. 60,Na = B80,. 60,B.HNaI« 

Another evidence of the formation of disulphones may be gathered 
from the following facts. In all the cases studied, it waa noticed 
12 



tha aoluma of o^gen in tlia X^oage aitromallioir liad^^ ;b<> 
recorded just a oouple of minutes after the oooqpletioa of tha tourtlOQ 
as further dday iaTolved an atiaoiptiott of about 2 o. o. o< <m$gisa 
in an hour's duration, lliis fact xomj therefore be eiQtkuned on the 
conversion of sulphinio acid to sulphoxides and diau^phonee. 

B. 80,H+;C®. SO. B * B, 80,-80. B+H.O 
B. SO,— SO.B+0 = B SO,. SO,B. 

From the above discussion it is clear that Kmt* s gas volumebHe 
methodvfor the estimation of carboxyl group in oi^anic acids, can, 
with slight experimental modifications, be successfully applied in 
the determination of -800H group in sulphinic acids, which have 
in the nucleus such groups as -NO,, -Cl, -Br, -OH, *CH,, -OCBC,, 
-COOH, -CH:CH.COOH, OH,. COOH, -NH.CO.CH,, -OC,H,. 

In all such cases where another sulphinic group or a carboxyl 
group is present in the molecule, the oxygen liberated is double the 
usual volume, since both the groups now take part in the reaction. 


Expkrihextal. 

Sulphinic acids were prepared by the usual methods from the 
eorresp<mding sulphonyl chlorides. As the literature on the 'subject 
does not give complete details for obtaining sulphinic ac^ds in good 
yields, it is thought desirable to give an account of a typical 
redutiem of the sulphonyl chlorides to the corresponding sulphinic 
acids. 

A mixture of 20 gms. of the sulphonyl chloride and 60 gms. 
of sodium sulphite (Na,SO„ 9H,0) and 100 gms. of crushed 
ice was shaken for three hours, until the sulphonyl chloride 
had dissolved. The mixture was tested for alkalinity from time' 
to time and dilute sodium hydroxide was added to prevent formation 
of su4>hur dioxide. The mixture was kept cold by further 
addition of ice, any undue increase of temperature being fatal to the 
success of the e^eriment on account of hydrolysis of the sulphonyl 
chloride. The mixture was filtered, and acidified slowly with cold 
concentrated hydrochloric acid, when sulphinio acids (usuidly 
crystalline) separated. The yield of sulphinio acid is in almost all 
oases about 60-90 per cent. Beorystallised acids were thbroughly 
dried by keeping them in vacuum desiccator before using. These gave 
the umal test with phenetole and sulphinio acid (Smiles’ test). « 



ilf AnoK ot sooH ^8 


McffiVt 0*9' goat, of trail powdered ralpliinie' acid wfaieh had be^ 
thoroughly dialed by Iraeping in a vaonum desiceatar for two days was 
dissolved in dOo.o. of hot water and cooled in ice. ^ this was added 
in small portions ad/ a time an ice cold mixture at potassium iodide 
(2 g.) auod potassium iodate (0*2 g.). The mixture was brought to ti&a 
room temperature and washed into an out^ teasel A of the apparatus 



shown. Into the inner vessel B was put a freshly made and cooled 
mi:rture of 2 c.c. of 3 per cent, hydrogen peroxide solution, and 4 c.c. 
of caustic potash, 1:1. The stopper was insetted and the Lunge 
nitrometer •was filled with water. The level in the two tubes was 
adjusted by closing the stop cock D, and turning the stop code E in 
such a position that the connection was made with the outside 
atmosphere and the nitrometer ; and the level in the nitrometer tube 
is raised zero by raising the level in the levelling tube F. B was 
then turned so that the connection was betwe^ the outside atmosphera 
and the reaction vessel A. D was then opened and allowed to remain 
in that position lor about five minutes so that A should come to the 
atmospheric pressure. E was then turned so that Jihe ommeotimi 
was made between the nitrometer and the reaction, vessel. The 
vessel A* was given a rotatory motion and gradually tipped on one 
side 'to mix the oon'tents of the vessel B with contents of the vessel A. 
Gentle shaking is Coptinued till the level of water remains constant. 
Oxygen evolved was collected at a low pressure. The reaction ia 
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oonq>lete in half a minute and edter a minute's cooling the level^of the 
tube was s^justed again and the volume of oxygen collated was 
notedt and the amount of SOOH calculated in tenns of oxygen. 
Severed such readings were taken and the mean results are tabulated 
below. 


Goa Volumetric Estimation o/ BOOH in Organic Bulphinic Acids* 


« SnlpbiDic Acid. 

c 

Anaonnt 

of 

acid 

(in gm.) 

•m-sss 

o •• 

•tt . • 

O -S JB 3 

0 i 

o g “ 
® §.8 
>«.***•'-*' 

•s . 

o ** 

cn o 

Error. 

Benzene snlphinic Acid ... 


1 

0*249 

19*56 

45*68 

45*77 

—•19 

p-Tolnene enlpbinic acid 


0*232 i 

16*70 

41*78 

41*67 

+*11 

p-Chloro-benzene eiUpbinic acid 

••• 

0*294 

18*68 

86*78 

36*88 

— *05 

p-Dichloro-benzene eolpbinic acid 

• •• 

0*252 

18*36 

1 80*77 

30*80 

—*03 

p.Bromobenzene snlphinic acid 

• ee 

0*838 

16*86 

29*39 

29*41 

—•(>2 

p-Dibromo^benzene enlpbinic acid 

• •• 

0*284 

10*58 

21*62 

21*67 

—•05 

6 :8-Ghloro*nitro*benzene snlphinic I 
acid. 

0*810 

16*67 

29*84 

29*84 

*00 

p*Nitro>tolnene snlphinic acid 

• •• 

0*295 

16*42 

82*29 

82*88 

[ -*04 

p.Anisole enlpbinic acid 

• •• 

0*824 

21*06 

37*72 

87*79 

—*07 

p«Pbenetole snlphinic acid 


0*321 

19*85 

84*98 

84*94 

+ *04 

Snlpbino-acetanilide 

• •• 

0*281 

15*89 

82*83 

82*66 

+ 17 

p.Bnlpbino-phenyl acetic acid 

... 

0*282 

81*86 

32*27 

32*50 

—•28 

4«8nlphino*einDamic acid 


0*269 

28*86 

30*69 

80*66 

—•07 

Snlpbino-benzoic acid 

• •• 

0*281 

27*78 

84*90 

84*94 

—•04 

p-Snlpbino*Balicylic acid 

• • • 

0*241 

26*74 I 

82*21 

82*18 

+ •08 

p-Metboxy tolyl snlphinic acid 


0*265 

15*96 

84*98 

84*04 

—•01 

Gnaiacol enlpbinic acid 

• • • 

0*275 

16*89 

84*59 

84*57 


Naphthalene snlphinic acid 

••• 

' 0*806 

17*70 

38*57 

33*86 

— *29 

m^-Benzene disnlpbinic add 

... 

0*268 

29*82 

63*52 

68*10 

+ ;^ 
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Photobromination of tii'Nitrobeiuylidane 
Malonic Ester. Part I. 

By Jnamekora Cbandsa Ghosh and Kalipada Basu. 

The photobromination of m-nitrobenzylidene malonic ester does 
not proceed to completion. The reaction is a reversible one, and 
depending on the intensity of incident light we obtain photo-chemi- 
cal stationa]7 state. 

NO.C.H* COOO.H, 

>C=C< +Br, ■ 

H COOC.H. 

NO.C.H, COOC.H. 

^C-C< 

H I I COOC.H, 

, Br Br 

• 

A reaction which is very similar to the present one is the photo- 
bromination of a-phenylcinnamic nitrile. This reaction has been 
investigated by Plotnikow (Zeit. wits. Phoiographie, 1919, 19* 1) and 
more recently by Berthoud who gives only a summary of his results 
in the Transactions of the Faraday Society, February, 1926. 

The velocity of bromination of m-nitrobenzylidene malonic ester 
in the dark is practically negligible, in carbon tetrachloride as 
solvent. The reaction, however, proceeds fairly quickly under 
strong illumination, the extent of bromination increasing with 
increase in the intensity of illumination. In this paper the results 
of a quantitative study of this reaction in solutions of carbon 
•tetrachloride will be described. 

Fxperihentai,. 

« 

A pointolite lamp of 1000 C.P. maintained with a current of 6 
amperes kept constant by means of a sliding resistance was used as 
* the^sourse of light. A parallel beam was obtained* by placing a 
convex lens at its focal distance from the source. Th# light before 
falling oA the reaction vessel passed through filter cells (2'5 c.m. 
thick) containing copper sulphate (16 g. per 100 c.c.) and methyl green 
Bolqtions whereby Kght of mean wave-length 488*5 was obtained. 
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Hie intensity of the light was measured by means of a Johteaen 
thermc^ile and low resistanoe galvanometM: calibrated with a 
Hefner laiti^ €todadh*s values, fhe rba^tkm veiMbl of plane- 

pandlel glass slides (i'Sxi* • xl*6 em.) Mth <0 close fitting glass 
stoppw at the top was kept inside a double jacketed copper box with 
an openiaig in froht. The copper box was maintained at a constant 
temperature by circulating water from a tiiermostat by means of a 
pump. The intensity of illumination was vuied by using lenses of 
difiermit focal lengths. 

The ^ster was prepared in the laboratory by condensation of 
«t.-nitrobenzaldehyde and malonic ester (Buhemann* J. Chem. 8oc., 
1908, 88, 728) and crystallised twice; m.p. 76°. The bromine was 
frozen out and then distilled. Merck’s reagent carbo'n tetrachloride 
was further purified in the laboratory. 

One o.c. of the reaction mixture was withdrawn from time to 
time by meahs of a pipette and titrated with N/500 thiosulphate 
ecdotiofi. 

Table I represents the results of experiments with a 500 C.^V 
pointolite lamp, a lens of 15 cm. focal length and a filter of N/15 
copper sulphate soluticm, 2*5 cm. thick. This filter cuts off the 
infra-red and a large part of the red light. 


Tabz<e I, 

Temperature 82°. 


Initial cone, of 
^Vter : giii. mol./ 
litre. 

loititf cone, of bro* 
mine : gta. mol. 
/litre. 

Equilibrium cone, 
bf bromine : gro. 
mol./litre. 

Dibromide 

Bromine x Beter 

0*0067 

0 0070 

0*0088 

880 

0*0060 

0*0051. 


388 

0*0183 

0*00715 

0*0081 

390 

0*0100 

0*0051 

0*0016 

370 

€• 



Mean 864 

ft 


Experiments were then carried out with the 1000 O.P. po^t-o-lite 
lamp in approximately monochromatic light using cc^per sulphate 
and methyl green filters. The mean wave-lengjih of the incident 
radiaticm wiw 4i88'5/i^. Tables 11 and 111 represent the results.* 












m 


taks n. 


Intonaity ot (488*5 /ifi) 8*5 Hefner8>afc>100 «m. 
’ Tempwaittre 82". 


Initial eoso. ot 
eafear : sin. 
mol./btea. 

Initial cone, of 
bM&iae : gm. 
moL/Htra- 

BqnililNriiitn cone* 
of bromine : gm. 
mol./litre. 

Dibaomide 

, BiwiiiiM a Batar 
• 

OfOlOO 

0*00960 

0*0046 

aio 

O"OO07 

0*00655 

0*00855 

280 

0*0050 

0*00525 

0*00825 

210 

0*0050 

0*00965 

0*00655 

250 




Mean 986 


Table III. 

Iniensity of light (488*5ft/t) 6 Hefners-at-100 pm. 


Temperature 32". 


Initial cooo. of 
eater : gm. 
mol. /litre. 

Initial coo. of 
bromine : gm. 
mol./litre. 

Equilibriom eon. 
of bromine : gm. 
mol, /litre. 

Dibromide 
Bromine x Eater 

I 

0*010 

0*00995 


844 

0*0067 

0*00665 


899 

0-0067 

0^00880 

0*00485 

880 

0*0188 

• 

0*0066 

0*90160 

1 

914 

846 


Experiments wwre then earrie4 Q^t to note the effect of tempora* 
turn on the equilibrlhm. Ta^Ie IV gives the results. 
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Tablb IV. 

Intensity of incident light (488’5/*/t) 6 Hefners-at-lOU cm. 

Temperature 26*5°.* 


Initial conc« of 
eater : gm. 
mol. /litre. 

♦ _ 

Initial cone, of 
bromine : gm. 
mol. /litre. 

Equilibrium oonc. 
of bromine : gm. 
mol. /litre. 

Dibromide 
Bromine x Eater 

' 0-010 

0010 

0*00486 

298 

0-0067 

0*00865 

0*00476 

276 

0-0133 

0*0067 

0*0020 

279 


Diacusaion of Results on Photochemical Stationary State. 

In the bromination of a-phenyl cinnamic nitrile, Plotnikow fodpd 
^at the equilibrium constant K was given by the empirical relation. 




where I as Intensity of incident light, 

c s moleculiu: extinction coefficient. 
a and h are the initial concentrations of bromine and acceptor, 

X =s the concentration of dibromide formed. 

This equation is far less rational than the following expression 
developed in his Lehrbuch (pp. 251, 253) for similar reactions. ‘ 

f 

-«d(a-g)]»(b-3c) 

X 


Berthoud on the other hand found that the equilibrium in the 
above reactionfis independent of the intensity of light and the’ c^ns* ' 
tant is given-by tAs equation, 




{ +fc.UBr.l } [Br.l 

iAB 











'9f$. 

wistwi ilBr. is n&iA oompsred with A, we obtiitt tllift a ttglt ll hi oo 
for the (»r^isary law of mass action, 

K = 

It will be seeh from Tables I, 11, III» and IV, that tor the 
photobrominaticNO of m-nitrobenzjrlidehe malonio ester, tho tatio 
[ilBrt}/[<d] [Br,] given in the fourth column is approzifoately 
constant. Bttt unlike Berthoud's results on the brmnination oi the 
nitrile, ifre equilibriiun constant in this case changes with variation 
in the intensity of light. 

A comparison of Tables II and III brings out the interesting fact 
that the ratio of the equilibrium constants 285/84S or G*68is equal to 

' the square root of the ratio of incident intensities v'2'66/6 ss *66. 
This is an iniportant relation and as will be shown leteir it filifiishes 
a crfiue as regards the mechanism of reaction. It was also noticed 
that when once photochemical equilibrium has been attained under 
a definite intensity of illumination, the equilibrium is not in the least 
shifted, if the reacting system is quickly transferred to darkness. 
It is quite clear, therefore, that both the brOmination of m-nitro* 
benzylidene malonic ester and the decomposition of its dibromide can 
only take place under the stimulus of light. 

From Tables III and IV it will be also seen that the equilibrium 
constTint is only slightly affected by changes in temperature. An 
increase in temperature, however, favours an increase in the ccmc^- 
tration of the dibromide — a result which is the reverse of Plotnikow's 
observation on the nitrile. 


liBr.l 


Experimerita on the Rate of B¥omination, 

Since the equilibrium is given by , the velocity of 

15r X £ist6r 

brominfition should be given by 

«} —ban where a and b Represent the initial 

dt 

concentrations of ester and bromine respectively and se the oonpenfra* 
tion of dibromide fonned, 

13 
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Now when a^b 

a=fci(«— «?)•—#*« 


hfttegn^ion of this eqxiation gives 

1 C 1 p o^-X~a!+ VA (2a-|>A) 

**“<”{ a-ZACai+A) L a+A-*— -/A (2o+A) 

g^-A^. v^A(2o4>A) 
~ o+A- V'A(2d+A) 


where i =s ?f» = K. 

2A k. 

Putting o' lor o+A+ V'A(2o-f A) 


and 6' for o+A— V'A(2a-f*A), 





log 



] 


When a is different from b, the expression for A, bf^omes more 
oomplicated. Tables V — Vll give the results of experiments on the 
rate of bromination. Intensity of the incident radiation (486‘5 /tft.) 
was B Hefners-at-lOO cm. The time is expressed in minutes. 


Table V. 


CSonc. of ester—O'OlO M. 
1 


Time in mine. 


Bromine— 0*00985 M 
^ s 844f Temperature 88°. 

11/600 Bromine 


9 

0*86 C.C. 


90 

8*76 

0*643 

60 

7*8 

0*746 

60 

8*8 

0*861 

196 

6*8 

0*060 


Meut 0*080 
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Tabus VI. 

Cono, of Mter~*00d7 M CSone. of bromine— 0*006<US M 

^ as 844. Temperature 82”. 


Time in mitiB. . 

N/500 Bromiiie 

k 


0 

6*65 c. Cm 

•«s 


30 

6*1 

0*681 


65 

5*3 

0*703 

M«U) 0*876 

140 

4*4 

0*640 



Table VII, 


pone, of ester— 0*010 M 

m 

Cone, of bromine— 0*0108 M 


i =“»• 

Temperature 

25*5”. 

Time in Ihiue. 

N/500 Bromine 

k 


e 

0 

10-3 c, c. 

.«* 


^35 

9*6 

0*394 


55 

8*9 

0*394 


35 

8-1 

0*304 

ICeu 0*399 

185 

7*5 

0*304 



Tables V and VI give the same value vf fc. showing that the velo* 
* city of the direct reaction is not appreoiidsly aSeoted by the ester, 
bromine or dibromide. 


Temperature Coefficient of fc, and k,. 

Comparison of Tables V and VII shows that Hhe temperature 
coefficient of fe* is about 8*6 (2*8* *'•■•) for 10*0, We can now 
calculate the temperature coefficient of Let x be the ten^>ens> 
turn ooeffioimit of h. ^ 6*5*C (82—25*5*’!. 



J8d 


<i. c, miusli AMii m. mm 


'Now at 25*5**> the «K¥ 9 Pftaat £, 39 ^ 

*• 

S 280 (vttfe Tidt>le IV}. 

Kai the equilibrium ooustant at 82*6**CsM6 (vide Table III). 


•Again, 


V _ fci e* 26*6* >f 2*8 
A, at 25*6* n » 


or 845=^9Ji^ 

X 

orxss 1 ’ 8 . 

ThweIote« the temj^eKativw ooeffioient of k, for lO^C 
si‘8^’*'*'*aB2*4— >a value less than that for kf 


Application of Etnetein'e haw of Photo»chemieal Equivalence. 


Although this reaction is a reversible one, dturing the first twenty 
fxe 25 SBinuttiui the effect of the reverse reaction will not be very great 
and we can approximately calculate the quantum efficiency. Thus 
taking the results in Tables V and VII where the intensity of inci* 
dent radiation (488*5 f*ft) was six Hehiers-at-lOO cm., * 

Numbeir of quagta ahsoH>ed per sq. cm. per second 


=<»<««• x(l^o^r’) X (^1^) 

« 

len X 10** quanta per sq. cm. per second. 

f 

Ta|tlQ|| ^ Table V whera the change is 1*1 0 . 0 . 

N/500 Br per e.o. in the ffcst tweniQr mkwtes'sw hafve 


$ 



OF mriiixlKUBBSKEitilDiaiB ^8$ 

l^umbar fii ipn* oiqIb ifanrrfcw^^ fiwsq. tim, pi» w i ^ <l x d^pth 
of re«Bl^on veuel (1*5 (XBi.) 

lOOO^X 1000 * Sol® X I S g“- ■»<* P« -c. 

s I8*8x lO"*** gm. a^ls per mo. 

=s 18’8 X 10“ * ® X 6*1 X 10* • nw>le per Mp. 

SB 8*42 X 10* * mole per aq. om. per aec. 

Thus about 1 '5 quanta are necessary for one molecule transfonned! 

(u) Taking the results in Table VII where the change is 0*7 c.c. 
N/500 Br per o.o. in the first 25 minutes we have 

Number of gm. mole transformed per sq. cm. per sec. 

X d^th of reaction vessel (1*5 cm.) 


1000x1000 25 x 60 


X 1*5 gm. mols per sec. 


= 7 X 10"*® gm. mols per sec. 
sc 7x10"*® X 6*1 xlO*® 


SB 4*27 X 10* * molecules per sq. cm. per sec. 


Thus about 3 quanta are necessary for each molecule transformed. 
It is quite evident that the quantum efficiency is less than unity. 

Probable Mechanism of the Photochemical Reaction between 
Bromine and ta-NHro-bensylidene MaJonic Ester. 

Any mechanism of reaction that may be proposed should be in a 
position to explain quantitatively the following facts :--~- 

(a) That both the bromination and the reverse reaction are photo- 
chemical in nature. 


(8) That the equUibrivnn constant i 


is proportioiuil 


|k> the square root of the intensity of incident light. 
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(c) Tltat the resaltent velocity ie given by the equation 

at 

(d) That the maximum transformation per quMitum absorbed 
should be one molecule. 

The investigations of Bodenstein and Berthoud lead to the general 
conclusion that the absorption of light by bromine results in the 
decomposition of the molecule of bromine into atoms. Becently 
Bernard !Lewis in a note (Nature, April 2, 1927) has brought out 
evidence in favour of photochemical decomposition of hydrogen 
iodide into atoms of hydrogen and iodine, thus proving the unten- 
ability of the interpretation given by Stem and Volmar on the basis of 
excited molecules produced by the absorption of a quantum of light. 
We shall assume that the bromine atoms are the active agents in this 
photochemical reaction. Bonhoefier (Zeit. phyeikal. Chem., 1925, 
116i 391 ; 1926, 119, 385) finds that atomic hydrogen represents a, 
metastable condition, whose life is of the order of 0‘3 sec. under* 
favourable conditions. This relatively long life is explained by 
assuming that two atoms cannot spontaneously recombine to form a 
molecule. In order that they may combine and lose the energy of 
recombination some third body must be present to take u]^ this 
•energy. This hypothesis of Bonhoefier may be extended to the pro- 
cess of photobromination in solution. The concentration of bromine 
atoms at a steady state in solution will be determined by its rate of 
formation due to light absorbed by bromine molecules and the rate of 
recombination of bromine atoms in presence of a third body— >mostly 
molecules of solvent under favourable conditions. 

I (absorbed) ... (l) 

at 


— asfc, [Br] [Brj [S] where 8 is the con. of solvent 

at 

molecules. • 

Since 8 is constant, at the steady state * 


[Br]= 


( 2 ) 



FHOTOBBOlf IKATION OF fn-NTCBOBENZFLmBNE 36$ 

Son»e,of iha buomiae atoms may, liowayer, om&bine in a iJiree body 
oolUsioiT where the third body may be the est«r molecule the 
bromine molecule. We may now postulate tmitatively the loUowiiq; 
meOhanism tor the reaction studied here : 

tBr3 + [Br[ + [d] « A (excited)+Br. 

where A denotes the ester. 

[Br] + [;Br] + [Br,] ssBr, (excited) +Br, 

A (excited) 4* Br, d.Br, 

Br, (excited) 4- ii A Br, 

The effect is the same as if the following reaction takes place 
Br+Br4'^+Br, ^tBr, 4‘Br, ... (8) 

and hence the rate of formation of the ester-dibromide is given by 
k,[BrJ [Br] [^] [Br,] 

W U3 [Br,l 

=sfc* I (a — x) (6— ap) ... (4) 

where a is the initial cone, of ester and b the initial cone, of bromine 
and X the concentration of dibromide. 

The reverse reaction 

wlBr, V A4*Br, 

can only take place when the dibromide molecule collides with an 
atom of bromine. The velocity of this photo-decomposition is 
therefore given by the equation 

kdX] [Brj^fe.V'l [X] ... (6) 

The observed velocity of photo-bromination is the difference 
between these two velocities, and has the value 

. kj (a-x) (b-*)~k, [X] ... (6) 

• ^ 

At the steady state when the equilibrium is reached,^ 

Equation (6)ss0 and we have 



Tin ni^aiiiiitt {«o|ofidl tbovi «!•<» iudUeaki IfaM lb» .wuf 
qiilmtom of Itghl absorbed ttuMib«r ^ 4ibri^ molaiBulM IM 
Q«a b% ftoAwbi aeooidiog to «qoatio& (8) oaoiiot exoiod ttslty. 

We have thus been able to Mi|>lain ^ ea^>^ttiMital obiurvattMUi 
on the basis of a mechanism which is at least not mme oomplioated 
than what (:d>tain8 in tins field. 

Oor best thanks are due to Mr. 8isir Kumar Ghoshg M.So. for 
carrying out a large number of preliminury etperiments. 

C^xHtoAi. Labobatobt, 

T»9 Unitbssitt, Djlooa. Rtetived May 18i 1927. 



The Effect of the Addition of some Alkaiolde on the 
Rate of Solution of Iron in Dilate Hydrochloric 
Add. Part II. The Effect of Ificotinet 
Narcotine and Gelatine and the Fall 
in E, M. F. produced in the Iron 
in Pretence of Brucine. 

Bt M. B. Bane. 

In a previous communication on the subject by Bane and Prasad 
{J. Phys. Chem., 1925. 29 . 249). it was pointed out that the rate of 
solution of iron in hydrochloric acid increases as the reaction pro* 
greases and that the alkaloids have a considerable inhibiting effect 
on.^e rate of solution. It was there suggested that the rise in the 
rate of solution was perhaps due to the increased surface presented 
by the iron due to its becoming more and more porous with the 
progress of the reaction. The inhibition produced by the alkaloids 
was al 80 «uppo 8 ed to be a phenomenon akin to passivity. In the 
, present communication, the work has been extended to two other 
edkaloids and to some other substances and an attempt is made to 
examine the assumptions made about the increase in the rate and 
the inhibition. The experiments were conducted with the same ircoi 
wire and in the same apparatus as stated in Part I (loc. cii.). 

Changes in the Surface of the Iron. 

* The iron wire in the experiments in question, when subjected to 
, the action of acids becomes porous and* the surface consequently 
becomes so irregular that direct measurement of the surface firom, 
time to time by a physical method becomes impossible. A chemical 

• method had therefore to be resorted to. It is a well known fact that 

• iron ^rdoipitates copper from a solution of copper s\)^phate. The 
following experiments b1u>w that the amount of copper precipitated 
is nearly q>roportional to the amount of the surface of the iron ex- 
posed to the action. Coils of iron wire of different lengths were in- 
troduced into ooppei^ sulphate solution and kept there for ten 
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minutes. The amount of oopper precipitated was then deti^^niaed 
by finding out the amount of oopper left in solution by the 'method of 
Ian William (J. Cheni. 8oc., 1922, i21, 358). The results are 
given in Table I. 


Tabus I. 

Time of reaction 10 minutes; Iron wire, diam. '0927 cm.; Oop* 
per sulphate solutionis gm. CuSO«, 5H«0 in 100 c.c. 


e liength of iron wire, 

(cm.) 

Voloiue of oc^per sul- 
phate solution. 

(c.c.) 

Grams of copper 
precipitated. 

10 

50 

'0013 

20 

50 


80 

50 

*0089 

60 

50 

i 

•0071 


The amount of copper precipitated is nearly proportional to the 
amount of surface exposed. It is clear, therefore, that if by expo- 
sing the iron wire to the action of hydrochloric acid it becomes more 
porous and forms greater surface it should deposit more copper than 
iron wire not so exposed, and that the quantity so deposited should 
give a rough measure of the new surface formed. The results given 
in Table II however do not show this to be true. 


Table II. 

Strength of Copper Sulphate SolutioniO’5 per cent. 


Wire 
• No. 

^ ' 

Condition of the wire 

50 cm. long. 

Amount of Cu 
deposited in 10 min. 
<gm.) 

Bate of aolntioo in 
N/lHCl in C.C. of 
hydrogen in 90 
minntee. 

1 

Iron Wfte fresh ••• 

1 

I 

•0071 

18*08 

a 

Iron After dipping in ECl for 1 hour 

*0061 


8 

Iron after dipping for S hours 

... 


< 87*64 

4 

Iren after dipping for 8 bofors 


1 *0043 j 

68*69 
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It*if Stan from tke above that the rate of ecdutioa i^uwa with 
leoglh of aaiKHRire of the iron to the acid and becomes iMarly thzoe 
times at the end cd the third hour — whereas the amount of copper 
precipitated by the irons so exposed gets less and less. It was. how- 
ever, observed in the case of wire No. 1 that the deposition of copper 
went on quite regularly and uniformly, whereas in the case of 
Nos. 2, 8 and 4 the deposition was incobermit and was accompanied 
by evolution of gas which was found to be hydrogen. This hydrogen 
which must have been adsorbed in the nascent condition wlqle the 
iron was dissolving in hydrochloric acid (Friend, " Text-book of 
Inorganic Chemistry," Vol. IX, Part II, p. 44) must be hindering the 
free access of copper ions to the surface of the iron and might be 
responsible for not allowing copper to be precipitated in proportion 
to the new surface formed. To expel this adsorbed hydrogen the 
iron wire after exposure to hydrochloric acid for two hours was kept 
for about 15 minutes in vacuum in the one case, was boiled with dis- 
tilled air-free water in the second case and boiled with absolute alco- 
ho! in the third, but in no case was the subsei^ent precipitation of 
copper from copper sulphate solution proportional to the supposed 
increase in the surface of the iron, though the amount of precipitate 
was slightly more than before. The adsorbed hydrogen therefore 
could not be got rid of by the above methods and unless some new 
modifications 'are introduced this method for measuring the irregular 
surface would not do. 


Influence of Iron Salt ae a Catalytt. 

* During the course of discussion on Part I of the communication 
in the Indian Science Congress, it was suggested that the increased 
rate of solution might be due to the catalytic influence of the iron 
salt formed in the reaction. The following experiments, however, do 
not justify that suggestion. The successive rates of solution of iron 
wire (A^ about 50 cm. in length were determined as be^^ore for two 
houni? then the wire was removed, washed with distille<| water and 
introduced^ into fresh acid, and a new iron wire (B) of the same 
length was introduced into the acid which had already acted for two 
hours. The new rates of solution were then determined as before 
and it*wao found that new wire (B) began to dissolve as if fresh 
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acid alone waa used, that it. it began to dissolve with the jusuld low 
initial rate which gradually began to increase showing that the dis- 
solved iron salt had no catalytic efiect— whereas the wire (A) 
previously dipped in the acid for two hours began to dissolve in the 
fresh acid at a higher rate — ^rate nearly the same at which it was 
dissolving when it was removed from the old acid. This makes it 
clear that the increase in the rate of solution is not due to any cata- 
lytic influence of the salts formed in the solution but to something in 
the wryre itself. — ^may be the increased surface. The strength of the 
acid was, of course, kept constant by the addition of strong acid 
from outside from time to time. The results are shown in Table HI. 

Table HI. 

300 c.c. N/1 HCl ; Temp. 45®. 

Volume of gas evoU Time in minutes. Volume of gas e^ved 
Time in minutes. vedperlK) minutes per 30 minutes at N.T.P. 

at N. T. P. (a.c.) (c.c.) 


Wire A. 


1 

o 

24*9 



20— 40 

45*3 



40— 60 

55*6 


• 

60— 80 

54*4 



80—100 

67*7 



100-120 

ft II 



The iron wdro (A) 

is removed and fresh 

The iron 

wire (A) intro- 

tyire (B) of the same length introduced ^ 

duced in 

fresh N/lHCl 

in the solution now contufiing the iron 

after two 

hours action 

salt. 


in N/lHCl. 

Q 

1 

29-3 

0-20 

60*2 

20—40 

48-8 

20—40 

58*9 

40-r60 

47*7 

40-60 

t 


Influence of the Capillaries Formed. 

It appears that the rapid increase in the rate might be j^ue to 
the capiliftfies produced in the iron. This view is supported by the 
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obsAnraiiott of McCuUook {J, Amer. Ohem. Boe., 1935. 17. 1940). 
He has shown that il a tightly fitting rubber tubing is slii^ed on tiie 
middle of ui iron rod leaving both ends free and the rod tlwn dipped 
in hydroohlorio acid for a wedc or so, curiously enough the rod is 
corroded and eaten up more under the rubber tubing than in the 
freely exposed part. Ftirther in another interesting experiment he 
has shown that the above effect can be observed visually. A glass 
slide is attached to a fiat piece of iron and then dipped in dilute acid. 
Beneath the glass the capillary space is seen to be largely filled with 
greatly flattened bubbles, the boundaries of which are in* alow but 
constant motion. The bubbles go on extending till the edge^ is 
reached when they break suddenly and small bubbles are ejected 
with violence. It is seen that small bubbles of gas sink into the 
capillaries formed during the action of acid upon the metal, the 
bubbles increase in size and become flattened or lengthened. They 
break off suddenly at the edges and the pressure being released on 
the sides of the capillaries, the corrosion takes place faster there 
*than at the smooth surface. This is probably also the explanation 
of the increased rate of solution of iron in acids in our experiments. 
As time advances the metal becomes more and more porous or 
interspersed with small capillaries all round, and these make the 
actian more and more brisk. Even on theoretical grounds it has 
been shc^wn by J. J. Thomson that capillarity tends to increase the 
chemical action (Bideal and Taylor, “Catalysis in Theory and Prac* 
tice," pp. 46-48). 


The Inhibiting Effect due to added Substanees. 

The experiments mentioned ip tSe previous communication have 
now been extended to alkaloids, nicotine and narcotine. It was 
believed that the inhibition was due to the poisonous substances 
alone, but it has been found that gelatine also exercises a similar 
* inhibiting effect. No such inhibiting effect, however, was found to 
be exercised by cane sugar, glucose, aniline hydroehlmide, phenol, 
oresol, nitrobenzene and phenylene diamine. In Tables IV, V and 
VI are given the results, obtained with nicotine, narootine and gela- 
tine using 50 Old. of iron wire and 800 c.c. of N/lHd at 45*. 
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Tabus IV. 


Effect of Nicotine on the Bate of Solution of Iron in N/lHOl. 


Tittle (mitttttes). 

Volmne of gas evolved on the addition of the foUowing quantities 

initially. 

Without any 
alkaloid. 

0*03 g. 

0*01 g. 

0*002 g. 

0*001 g. 

1 

r 

C.C. 

OfC. 

C.C. 

c.c. 

C.C. 

0^ 20 

,, , 

18-7 

0*50 

8*1 

6*5 

6*8 

40 


38*6 

2*7 

6-5 

11*4 

10-8 

40— 60 


37*1 

6-2 

9*6 

16*7 

21*0 

60— 60 


80*1 

9-1 

12*4 

23-0 

39*7 

80-^100 

• • 1 

31*4 

11*4 

16-0 

29*1 

84*7 

100— ISO 

e • * 

35-8 

13*8 

19*8 

38*2 

88*7 

ISO— 140 


37-5 

15*6 

10*6 1 

1 31*6 

32*2 

140—160 

• « t 

41-2 

16*9 

31*0 ; 

: 82 7 

35*3 

160^180 

e • * 

46*7 

17*5 

32*9 ! 

! 33*8 

87*6 

180—200 

« • s 

53-5 

19*1 

36*2 1 

86*5 

88*4 

soo— sso 

• • • 

58*2 

19 0 

27*8 i 

36*9 

42*9 

330—340 

• • • 

63*2 

18*8 

29*2 

40*0 

46*8 


Table V. 


Effect of Narcofine on the Bate 


of Solution of Iron in N/lHCl. 


Volame of gas evolved on the addition of the following 
quantities initially. 


Time (minutes). 




Without any 

■M 


■■■ 



alkaloid. 

mmam 





C.C. 

L 

C.Ca 

■i 

C.C. 

0—30 

• • • 

18*7 

0*4 


5*5 

20-4fc0 

» » « 

88*6 

8*0 


12*9 

40<--60 

1 « a 

27*1 

4*1 


18*2 

60—80 


80*1 

6*7 


92*0 

80—100 

• • t 

81*4 

6*8 


88*4 

100—120 


. 86*8 

7*8 


86*4 

120—140 


87*6 

8*3 


27*4 

140—160 

• •••• 

41*2 

9*8 


29*7 

160—180 


46*7 

9*8 


81*4i 

180—200 


63*6 

9*9 


88*0 

200—830 

t* 

68*2 

9*7 


88*9 

230—340 


68*2 

1 

10*8 

mm 

84*0 

1 
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Tablb VI. 


Bjjfeoi of Oolatine on the Bate of Solution of Iron in N/lHCl. 


Time 

(luimites). 

Volttine of goo evolved on tiie addition of the following quantities initiallje 

'Witlioiit say 
alkaloid. 

0*04 g. 

■BE 

1 

*0004 g. 1 

1 

*0009 g. 


C.C. 

; 1 

c.c« 

C.C. 

c»c» 

c«c« 

0 >- 

18-7 

2-0 

4-2 

6*8 

# 7.7 

30— 40 

93*6 

1 4*8 

5-1 

14*7 

16*6 • 

40— 60 

SJ7-1 

1 7*6 

8-7 

21*6 

33*6 

60— 80 

80*1 

9*4 I 

11*6 

31*4 

29*3 

80—100 

81*4 

11*3 

14*8 

di '8 

84*6 

100—190 

36*8 

i 11*8 

17-1 

36*2 

36*0 

,130—140 

37*6 

i 11*7 

18*1 

88*0 

36*8 

140—160 

41*3 

; 10*8 

I 

20*0 

86*9 

38*1 

160—180 

46*7 

10*8 

20*6 

1 

42*3 

42*8 

180—300 

68*5 

10*7 

23*3 1 

39*6 

46*7 

300—390 

58*3 

10*1 

26*3 

! 88*9 

61*2 

230—340 ^ 

68*2 

1 

9*98 

98*1 

43*6 

66*1 


The Fall in the E.M.F. of the Iron under the Influence of Brucine. 

It is known that when iron is dipped in a passivifying i^ent such 
as chromic or nitric acid, there is a change produced in the iron and 
the iron becomes more noble or in other words its E.M.F. falls. 
Experiments were therefore tried to find out if there was any fall 
in the E. M. F. of the iron in presence of varying quantities of the 
alkaloid brucine. Two sets of experiments were made. One set 
of experiments was made with iron wire dissolving in N/lHCl, with 
and without the addition of small quantities of brucine ana in 
another set a similar iron wire and N/1 ferrous sulphate were used. 
The potentiometer was a Leeds and Northrup one and in both sets 
d! experiments a normal calomel electrode was usm as the other 
electors of the cell. The E.M.F. measurements given below were 
reproducible with an error of 0*002 volt, and represent the mean of 
five readings taken during the first five minutes. 
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Table VH. 

CeU E.M.F. f» VolU. 

Fe I N/lHOl I SOlBatonted 1 Hg>GW Hg 

H 1 i N/lKCl * 0*866 


The B.M,F. and the fall in the E.M.F. when brndne in varying quantities 

is added to the N/lHGl. 


« 

N/lHOl c(mtaining 




E.M.F. 

Fall 

in the E.Af.F* 

0*(b0 g. brucine 

• •• 

... 

« • • 

0*566 



0*00049 g. brocine in 100 e.c. HCl 

... 

• • • 

0*661 


0*005 

0*00098 

>« 

• •• 

• •• 

0*548 


0*008 

0*00195 


... 

• •• 

0*647 


0*009 

O’00S9 

1 » 

• •• 

mmm 

not determined 

not determined 

0*00781 

»* 

• •• 


0*636 


0*031 

0*0156 


... 

• • • 

not determined 

not determined 

0*06185 


• s 

• « • 

0*537 


0*039 

0*0635 

y > 

. • 1 

• t • 

0'522 


0*034 

0*136 

ft 



0-618 


0*038 

0*350 

11 

• s s 

t »« 

0-614 


0*043 

0*500 

>» 

• « t 


0*488 


0*068 

1*000 

»i 

• •• 

4 4 « 

0*486 


0*070 

3*00 

ft 

see 


0*483 


0*073 • 


Table VIII. 

Cell B.M.F. in Volta. 

Fe i N/lPeSO* ] KCl saturated i Hg.Cl, Hg 

i N/IKGI 0*683 


The E.M.F. and the fall in the E.M.F. when brucine in varying quantities 
was added to the N/lFeSO^. 


N/lFeSO. containing 

E.M.F. 

Fall in the E,M,F. 

0*00 gram bncine , ••• ... 

0*638 

■ 

0*185 g. brucine in 100 o.c. Fe80« 

0*606 

0*037 ‘ 

0*350 .. >. 

0*597 

0*086 

0*500 

0*574 

0*069* 
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Th^ obtained ebow tiwt in preeenee of brucine tbe iron 

dissolving in N/lfiGl becomes more and more passive ea we increase 
the ooBoenfarati<m of tbe alkaloid up to a certain limit, with inm 
wire in ocmtabt with N/lFeSO« the results (Stained were similar. 

Summary. 

The increete in the rate of solution of iron in hydrochiorio acid 
as the reaction progresses is ascribed chiefly to the capillaries formed 
in the iron and also partly to the increased surface produced. * The 
action of hydrochloric acid on iron is inhibited not only by alkaloids . 
but by gelatine as well. The E. M, F. of the iron in contact with 
N/lHCl as also with N/lFeSO* falls in presence of small quantities 
of alkaloids — a phenomena akin to that of passivity of iron^ 


CasMiCAt. Labohatost, 
IllNOV Uhivkssitt, Bbma«m. 
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Organo-antiiiioiiy CSomponnds. 

Pwt 1. 

By Stjdbib Cbaxdba Nnrooy. 

The object of this investigation was to find the relation, if any, 
that exists between the physiological action and ohemktal compoBi- 
tion of the halogen substitution products of sodium p-acetylamino- 
phenyl stibinate. , 

The first compound of this type, sodium 4>acetylamino-8-ohioro> 
phenyl stibinate (known in the trade as Von Heyden's 471) had 
already been described by Brahmachari and Das ilnd. J. Med. 
Research, 18 . 17). Previously this compound was largly used for 
the treatment of kala-azar but has now been superseded by ureasti- 
bamine (Brahmachari. Ind. J. Med. Research, 1022. 10 , 492). the 
carj^amino derivative of the ammonium salt of p<aminopheuyl 
stibinic acid. A study of the action of these two antimony compounds 
brings out a remarkable fact. According to opinion of medical 
profession. Von Heyden's 471 and ureastibamine are equally active at 
first after but a time the action of Von Heyden’s preparation begins 
peroeptitfly to fall ofi. while that of ureastibamine continues - the 
same as before (private communication). The conclusion that can be 
drawn from this difference in the activity appears to be that after a 
patiept has been given a certain number of injections of Von Hey- 
den’s preparation, the system becomes tolermit to it and so no fur- 
ther improvement takes place. This led the author to prepare other 
halogen substituted derivatives in the hope that the inefficiency of 
Von Heyden’s compound may be removed and the medical pro* 
fAssion may be provided with a suitable and stshle substance 
(ureastibamine is very unstable) for cmnfanting kala-axar. 

Brahmachari {loc. cit.) described the preparation and properties 
of some derivatives of p-aminophenyl stibinic acid ; Maoallum (JT. 
8oo, Chem. Ind., 1923, 48 , 468T) described o-mninophenyl stibinic 
acid ; whilst recently Dunning and Beid (/. Amer. Chen^. 8oe., 1926, 
48. 9959) described some aso-derivatives of p-aminophepyi stibinic 
acid ; and^Schmidt {Annalen, 1922, 189 , 145) the preparation of p~ 
amino-p-hydroxy-and m-nitro-phenyl stibinic acid and their sadts. 

The starting point was in each case p-nitraniline and the mono- 
aad dl>orfho>substitut^ halogen derivatives wwre prepared by the 
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usual meiitods (Ber.. 1674. 7. 1564; 16^. 16, 474; 1877, t% 1700 ; 
1875. 8. 143; 1878. 11. 144; 1801, 8i. 8844; J. Chem. 8o«.. 1906. 
88. 1778; D. B. P. 109180). 

The acetylation of ^ese compounds was carried out by Orion's 
method (/. Chem. 8oc., 1908. 88. 1342). It was found however that 
mono-orthO’Bubstituted amines could not be completely aoetylated 
in the absence of sulphuric acid — an observation which disproves 
Orton's statement that mineral acids depress rather than aieeelerate 
tile rate of acetylation of mono-orfho-substituted amines. 

INie reduction of these nitro-compounds to obtain the eorres* 
ponding amines gave rise to considerable difficulty. The usual re- 
ducing i^ents were not quite satisfactory. The operatitm was 
successfully carried out by leading sulphuretted hydrogen into an 
alcoholic solution of the nitro body saturated with dry ammonia. 

The preparation of the corresponding antimony compounds from 
these amines was found to be an extremely difficult and tedious 
operation. As had been stated in a previous paper (this JourtuU, 
1027. 4> 96), it was always found more satisfactory to carry . out 
the operation by the gradual addition of caustic soda solution to a 
suspension in water of the additive compound of the diaso-salt with 
antimony hrichloride. But even with this method the difficulties 
wwre numerous. In some cases the decomposition of the diaso- 
compound was so rapid that the product isolated was the corres- 
ponding phenol. In others again, the nitrogen evolvtd during the 
reaction formed a stiff foam which prevented thorough mixing 
and the yield was poor. It is essential for the success of the* ope- 
ration that the stirring must be very vigorous, so that the contents 
are always thoroughly mixed up and the decomposition of the diazo- 
compound is not localised. 

The physiological action of these antimmiy compounds is now 
being investigated. * 


Bxperimkmtai.. 

2-Brofno-4-nifrani2ms.— ^-Nitranniline (10 g.) was dissolved In 
facial acetic acid (150 c.c.) with warmix^;. The solutixm was then • 
cooled to room temperature. Bromine (12 g.) in acetic Mid wM • 
slowly added to the solution of nitranUine with stirring. The abtoxption 
of bromine was very rapid. Towards the end. a yellowish white 
precipitate separated and hydrobromic acid was evolved. ITie re- 
astion mixture was then heated on a water-bath for abotit 80 
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miwi*— and timn tltwwd off and t>mh«d thoxM^^y witii inil«r; 
m.V* 100*2*. 'Sleld>x>14 gm. (The m.p. of 2>biomo-4>iUtMniliM. 
ptopoied tneoniaatiag p^nifaroaeetenilide and subaoqiMMrt liyfeo* 
IjaiBi M givan in tha litarat»ore ia 104>105*). 

U:6‘DibromO’4-nitranUine. — ^In this praparation the wai|^t af 
fatomina uaed waa twioe aa muoii aa in ftha fonner eaae and the 
aolufion ot bromine waa added to a hot aolution of p-nitraailiae in 
aeatie naid. Yield (from 10 gm. p«nitraniliae) 19 gm.; m. p. 204-5*. 

%’Iodo-4-nitrttniUn« and 2 :6-Di-iodo-A~nitranUine were prepared 
by the meilhod of WiUgarodt and Arnold {Ber., 1901, Si, 8844). The 
yield waa quite aatiafaotory. * 

2:6-DioMoro~4i-nUTaniline . — This compound waa at first pr^afad 
aooording to Fluracheim's method {J. Chem. 8oc., 1908, 98, 1778). 
But aa thia method required a large expenditure of acetic acid and 
hydrochloric acid, it was found more economical to prepare it aco(»ding 
to the specification of Cassella & Co’s patent (D. B. P. 109199), which 
ia given out to be a process for preparing 2-chlorO'4-nitraniline but 
, was found to give 2 :G-diohloro-4-nitraniiine under all conditions. 

Acrfylefioa.— Orton’s method {loc.cit.) was in each case employed, 
and the yields were quite satisfactory, the products being pure except 
in the case of 2 :6-di-iodo-4-nitraniliae which had to be recrystallised. 

4‘Aoetylamino-Q : .’i-dt-iodo-l -nitrohen»ene. — 2 ; 6-Di-iodo-4-nitrsni 
line* (12 g.) was suspended iu glacial acetic acid (120 c.c.) and to 
this waa added acetic anhydride (tiO c.c.). About 20*24 drops of* 
concentrated sulphuric acid were then added to this suspension when 
^be whole went into solution and the coloiur changed from yellow to 
light brown. This was allowed to stand for about an hour and pour- 
ed into a litre of boiling water. On cooling, a light brown precipitate* 
m. p. 285-88*. separated. On recryatalliaation from dilute stoohol 
the m.p. rose to 245-46*. Yield 10 gm. (Found: K. 7*04. GaH. 
OaNala requires N, 6’46 per cent.). 

4-Aoefylatntao-8 todo-l-nttro6ansea«.>->Yellowish white i^ten- 
iag platea. m. p. 188-89*. Yield 9*5 gm. from 10 gm. of 2-iodo*4- 
iiitraniline. (Found: N, 9*58. CaHvO,Nal requirea N. 9*14 per cent.). 

4-Aoefylatniao-8 : 5-dtofctoro-<iittlmfl.-~4-Acetyla inino -8 :4-diohlore- 
l<<iitrcd>MUEene (5 g.) was dissolved in absolute alcohol with geatie 
*warming (the volume of alcohcd added must be afioh that tim nitio 
compound does not separate on cooling). The alcoHolio acduthm wee 
then saturated with dry ammonia and treated with a dov oumnit 
of hydrogen sulphide for 8 hours. The solution was titan evaporated 
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io dryness on a water>b«ftli and the residue extracted with waiter 
and filtered. 3%e dear filtrate, on cooling, gave light flali^r oryslalsi 
wluoh dter two reorystalUsations from water melted at 2K)0— 'lO" . 
Yield a gm. (Found: K. 12*97. G.H.OK.Gl. requires N. 12*78 
per cent.). 

Reduction o/ A-AcetylaminO'S-hromo-l-nitrobenzene.—A. rather 
rem»kable compound was isolated in the course of this reducing 
operation. After an dooholic ammonia solution of 4-aoetylaminO' 
S'bromo'l-nitrobenzene had been saturated with hydrogen sulphide, 
the whole was evaporated to dryness on a water*bath. The residue 
consisted* of the amino body mixed with sulphur. In some cases, 
itnras found extremely difficult to separate this impurity. It was 
found that sulphur was soluble in warm pyridine and the whde of 
it separated upon somewhat diluting the solution. The mixture of 
the amine and sulphur was dissolved in pyridine and diluted with 
a few drops of water. A yellow precipitate separated which was 
filtered ofi and found to be sulphur. On further diluting the filtrate 
a yellow crystalline precipitate separated, which after recry stallisation, 
from pyridine melted at 270-72° whereas the m.p. of 4-acetylamino- 
3-bromo-aniline is 120-21°. The yellow product was found to be 
insoluble in common organic solvents, except pyridine and to give 
no diazo reaction. On analysis it was found to contain 6‘5^ nitro- 
gen, the required amine containing 12 22^ . The constitutidn of 
•this is being investigated and will be communicated in due time. 

4-Ace fylamtno-3-bromo-ani7mr.—4-Acetylamino-8-bromo-l-nitro- 
bezene (7 g.) was dissolved in rectified spirit, cooled and liquor 
ammonia added and then saturated with H.S. The residue obtained 
by evaporating the ammoniacal solution, after being extracted with 
water (twice) and on cooling in ice. did not give any precipitate. The 
whole was then evaporated to dryness in a vacuum desiccator when 
a yellow oily residue was left, easily soluble in water, alcohol and 
chloroform and giving the usual, diazo reaction. After being left in a 
vacuum desiccator for a few days and on occasionally scratching with 
a glass rod, the oil was converted into a semi-solid mass which was 
then extracted with benzene. On cooling the benzene solution in 
ice water, white plates, m.p. 110-12°, separated. Beorystallised 
from benzene tlfbse had m.p. 120-21°. Yield 8 gm. (Found : 
11*56. GaH»ON,Br requires N, 12*22 per cent.). 

4- Accf plammo-8 :5-dt&romo*ant7ine— -similar to 4-acetylamino- 
8 : 5-dicloxoaniline. M.p. 285-36^. Yield (from 9 gm. nitro compound) 
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8'5 *8m. (Fovoid : Ni 9*05. C«H«ON,Br, requires N, 9*09 pea* 
oeat.). 

. 4->iostyTamtno-8>iodo>anilttte. — >4•AoetylMXlmo•8•iodo•l•nifcKri>eli<■ 
zene (7 gm.) was dissolved in alcohol, saturated first with ammonia 
and then with sulphuretted hydrogen for 4 hours. On evaporation 
a ye How pasty mass was left. This was twice extracted with cari>on 
disulphide and then with petroleum ether to remove sulphur. The 
residue was thrice extiwted with benzene and the yellow benzene 
extract was decolourised by animal charcoal and filtered. On 
oooling in ice. a white crystalline precipitate separated, melting at 
182-84**, and on crystallisation from benzene the melting point rose 
to 184-85”. Yield. 2*7 gm. (Found: K, 9'72. C,H,ON,I requires 

M, 10*14 per cent.). 

4-.4eefylamtno-8 : 5-dt-iodo-aniitne.-— The corresponding nitro com- 
pound was treated as described in the previous cases. But all 
attempts to purify the amine from sulphur by the method described 
above failed. This was. however, effected as follows : The residue 
'obtained by evaporating the alcoholic solution was again dissolved 
in abso lute alcohol and copper powder (prepared by precipitating 
copper sulphate with zinc dust) was added to it and boiled under 
refiux. till the red colour of metallic copper had almost disappeared. 
The liquid was then filtered off from the precipitated copper sulphide 
and evaporated on a water-bath. Twice during this operation a 
gelatanious precipitate of copper sulphide was formed which was 
removed and the whole evaporated to dryness on a water-batii. 
the residue, now found to be free from sulphur, was boiled with 
methyl alcohol with the addition of animal charcoal uid filtered. 
The filtrate on dilution gave a precipitate melting at 240-43”. On 
recrystallisation from dilute methyl alcohol the meltii^; point rose 
to 247-48”. Yield (from 8 gm. nitro derivative) 8 gm. (Found: 

N, 7*03, CUH.ON.I, requires N, 6*98 per cent.). 

4-Aeetylamino-3 :5~dichlorophenyt8tibmate of Sodium.-— 4- Aeety^ 

lamino-8 : 5-dichloro-aniline (2 5 g.) was dissolved in water (20>o.o.) 
ftnd hydrochloric acid (10 c.c.). This was cooled to 0” and diazotised. 
Hydrochloric acid (10 c.c.) was further added. To this diazo 
solution was then added antimony trichloride solution prepared by 
dissolving antimony toioxide (2 g.) in hydroohlori® acid (20 o.e.). 
A yellowish white precipitate immediately separated whioh was 
left to stand in ice for half an hour with occasional stirring. The 
preeipitate was«filter«d off, washed with dilute hydroeUoife aoid 
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atti tlMi liritii iratar ^ «oi4 StM. Tba moirt xnaiM 
baatw wil^ w«tor oo<ded to S-~-7^ and sodium hydroxide (6 

dim^vedhi water ww gradually added with vigottoutt el&erteg. The 
idhrasg wee oenyaued till the evolution of aitoogea slaeheaed. Hm 
liquid was than stored oS «Bd the clear filtrate acidified with 
dilute aeatio acid when the free aatimonio aeid separated as a 
fioceulent precipitate; it was washed wiUt water till free ftwaa acid. 
The free aeid was thmi suspended in water, diesolved hy adding 
a dilute solution of sodium cMtxmate drop by drcq) and filtered off 
hmn yie'instfiuble impurities, if any. The solution was then C(Ma< 
cuatrated on a wator-bath; a small quantity was rwnoved and 
absolute alcohol added in lai^e excess. But as no precipitate sepa- 
rated, the concentrated solution was evaporated to drynaas in a 
vacuum desiccator and the dark coloured residue extracted with 
methyl alcohol, boiled with animat charcoal and filtered. On adding 
6th«r, the sodium salt of the antimonio acid separated as a faintly 
pink gelatanious precipitate, which was filtered oil, washed with eth«r 
and finally dried in a vacuum over paraffin. (Found: H, 8*7; Sb,' 
29*9. C«HfO«NCla8bNa requires N, 8*6; Sb, 80*4 per cent.). 

4-Aoetjflantitio-2-phentfl $iibinate of sodium was prepared as above. 
(Found: 0,28*64; 8b, 29*01. C,H,0«NBr8bNa requires C, 88*7; 
Sb, 80*6 per cent.). « 

A^Ae^tylaminoS'.S-dibromophenyl stibinate of Sodium. .(Found; 
C, 80*18 ; Sb, 26*2. CjH,OJNBr,SbNa requires C, 19*8; 8b, 84*8 
per cent.). 

4-Aeeiyilamino-S-iodophenyl sHbinaie of Sodium. (Found: 0,21*6; 
Sb, 85*8. 0aH,O«NISbNa requires O, 21*2 ; Sb, 26*6 per cent.). 

4-Aeetylamino<-S:6-di-iodophenyl stibinate of Sodium. (Found: 
C, 17*48; Sb, 21*4. G,H,0«BI,SbNs requires C, 16*8; Sb, 80*6 per 
cent.) 

Properties. — ^The dried sodium salts are faintly red amorphous 
powders, fairiy soluble in water 'forming a red solution with a neutrid 
rmuetion (litmus). Cht acidifying with dilute mineral acid the free 
acid is precipitated whi<^ can again be dissolved in dilute idkali. Some 
of these compounds were found to be extremely hygroscopic. 

I deabre to convey my thanks to Pvot. H. K. Sen for the interest, 
he has thken in the comse of this work and also to Mr. K. O. Bose* 
Bey lor having helped me in the analytical portion d the work. 

DahumcSira or Aptusd CasinsmT, 

Om vi um nt OosasM or fenaea 
a TsoBiioxoer, Cascscsa. 
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A Synthesis of Oxypalmatine: Dehydro- 
n or-oxy«^coralydin. 


By Jnanendha Nath Bay. 


The method which was successful in the synthesis of the oxy> 
berberine (c/. Perkin* B&y and Bobinson, J. Chem. Soe.f 1925, 127. 
740) is now applied for the preparation of oxy-palmatine. Palma- 
tine differs from berberine in that the methylene-dioxy group of the t 
latter is replaced by two methozyl groups in the former alkaloid. 
It is clear that it should be possible to convert berberine into palma- 
tine. Feist and Sandstede {Arch. Pharm, 1918, 256. 1) failed to 
effect this but Spath and Lang (Ber., 1921. 64, 3064) succeeded to a 
limited extent in converting tetrahydroberberine into tetrahydropal- 
matine by heating the former with potassium hydroxide in methyl 
alcbhol and methylating the resulting product with methyl sulphate 
and alkali in absence of oxygen. The doubt thrown on the synthesis 
of berberine by Haworth, Perkin and Rankin (J. Chem. Soc., 1924, 126, 
1686) necessitated a fresh synthesis of the alkaloid. It was thought 
that the application of the same method would lead to a synthesis 
of oxypalmatjne. In the present paper this is described. Becently, 
while this work was in progress, Spiith and Quietensky (JBer., 1925, 
68 B, 2267) reinvestigated their original synthesis of palmatine.* 
l^^e starting point in the present investigation has been meconine 
carboxylic acid (Perkin, Bay and Robinson, loc. cit.) on the one hand 
and 3 :4-dimethoxyphenylethylamine on the other. The amide (1) 
prepared by condensation of the chloride of the acid with the amine 


CH 
CHjP 
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(I.) 


is ccyiverted into a dihydro-»«>quinoline derivative by the prolonged 


• The pi^fUQt paper was read before the lodiao Soienoe Congress on the 
January, 19S7, Haworth, Xoepfli and Perkin (J. Chetn, Soc., 1937, iSl, 548) 
since then obtidned oxypalmatine by a totally different method. However, tiie subs- 
tance isolated by tiiese authors seems to be not quite pure as it melts ebent U* 
lower then the cotapoend desorbed in this paper.^ 
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action ol phofliilioryl <dilorida. A amali amount of a xuratral piodMt 
is produced as an insoluble ocherous precipitate oa. deoompoltil^f tiw 
reacticm mixture with ice aa in the caee of the sjmtiiesis oiy- 
berberine* together witil basic dihjdro<MOguiBoline derixatixe 
(II) as a bright yellow solution of its hydrochloride. 



This neutral product similar to that obtained in the oxyberbe* 
rine synthesis has now been purified and crystallised. This is ehloro* 
noroxy-berberine (HI) as was suggested in the former paper. ' 



The isolation of this compound suggests that a more direct syn* 
the ffiw of palmatine is desirable than that accomplished by Sp&th and 
Quietensky as here one of the methoxyl groups is eliminated instead 
of the methylene-dioxy group which Spath and Quietensky assumed 
to have been spitted off in that case. The dihydro-tsoquinoUne 
compound is reduced with sine and acetic add when oxypalmatine 
(IV) is produced. This compound melts at 1940-196^ and ^ves 
bluish- violet fluorescence in neutral organic solvents. < 

An examination of the formula (IV) reveals the fact that it is very 
similar to a compound described by Pictet and Chou (Ber., 1910, 
19, 870) which they have n^ed dehydronormeyooralydin (V) m.p. 
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190*., tClMi two substanees only differ in the poeitioii <ff ^ 

iiietiu»i7l*gnMq^. 



The compound (V) was synthesised by Pictet and Chou fnxn 
pi^aTerine. They condensed papaverine with methylal as in iJieir 
berberine synthesis (Ber., 1911, if, 2086) and the product <m treat-, 
ment with alkali subsequent to oxidation by iodine is (V). It has 
been shown by Haworth, Perkin andBankin {loc. eit.) that these con- 
densations (ef. the synthesis of berberine) take place with the aid of 
the hydrogen atom in position 2 of the veratryl nucleus whilst Pic- 
tet and Cams claimed that the hydrogen atom in position 6 reacted. 
It is significant that in interpreting the very similar condensation 
with papaverine, Pictet and Chou use the hydrogen atom in posi- 
tion 2 for ring closure and not the one at 6 as in their berberine 
synthesis. 

The purification of the base (II) has proved to be difficult as in 
the previous case. This seems to be due to ready oxidisability (by 
air in presence of alkali) observed in similar cases where a carbon 
atom is attached to position 1 of the tsoquinoline nucleus {ef. Buck, 
Haworth and Perkin, J. Chem. 8oc., 1924, 125, 2176). The annex- 
ed Mheme will indicate the process. 



The isolation of dioxyberberine in one experiment (of. Perkin, 
B&y and Bobinson, loo. eit.) can be easily understood from an examin- 
> aticyi of the above scheme taken from the paper of Back, Haworth 
atid Perkin. The dihydro-isoquinoline base is being prepared with 
the idea %f oxidising it to stage (VH) and then effecting the ring 
olosure to dioxypalmatine and dioxyberberine. This has been par- 
Idally successful in the latter case. 
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Expbbucbktai,. 

ZxA-D%methoxyphenyilethylainine.-‘-‘ThM amine has been prepared 
by Mannioh and Jacobson (JBer., 1010, i8. 189) Bosenmund 
Mannioh and Jacobson [D. B. P. 247006, (1912)], whose methods 
were found to be not entirely satisfactory. The amine is best 
prepared by Hoffmann’s reaction from 8 :4-dimetboxyphenyl pro* 
pionamide under the conditions described by Buck and Perkin 
(J. Chem. 8oc., 1924, 126 , 1679). The preparation of this amide has 
been described by Buck and Perkin {loc. cit.) who record the un- 
* suitability of preparing it from the acid chloride. However, under 
the conditions specified below it can be used with success. 

The 3 :4*dimethoxy cinnamic acid was prepared by heating 
veratric aldehyde (50 g.), malonic acid (65 g.), pyridine (100 c.c.) 
and piperidine (5 c.c.) on the steam-bath for an hour and then the 
reaction completed by boiling the solution for 5 minutes. The 
product was cooled, poured into water and acidified with hydro- 
chloric acid and the nearly quantitative yield of dimethoxycinnamic 
acid collected. This was reduced by 21% sodium amalgam as 
prescribed by Perkin and Bobinson (J. Chem. Soc., 1907, 91 , 1080). 
The well-dried 3 : 4-dimethoxyhydrocinnamic acid (50 g.) was mixed 
with benzene (200 c.c.) and small portions of thionyl 'chloride 
(40 c.c.) added from time to time with shaking. The mixture is 
allowed to remain for 24 hours, moisture being excluded. The 
excess of thionyl chloride and benzene was then removed under 
greatly reduced pressure at 35° as far as possible. The residue is 
then dissolved in a little fresh benzene and poured cautiously to a 
' well cooled solution containing sodium hydroxide (15 g.) and con- 
centrated ammonia (600 c.c.). The benzene is removed by distilla- 
tion and the amide crystallised from hot water, m.p. 121°-'122'\ 
The yield averages 28-8Q,g. The yield is better with smaller 
quantities. Meconine carboxylic acid and its chloride were prepared 
exactly as described by Perkin, Bay and Bobinson (loc. cit.). 

Preparation of the Amide (I) .-—The chloride prepared frmn 
meconine car|;^xylic acid (10 g.), in benzene (35 c.c.) was mixdd with, 
a solution ^f homoveratryl amine (10 g.) in benzene (40 c.g.)** and 
pyridine (4 c.c.). The mixture was cooled and not allowed io become 
warm. After staying for 24 hours, the reaction was completed by 
warming on the steam-bath for 10 minutes. The product well 
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MioceMiiTel; wiih water, sodium oarboaate solution* and 
dsluAe* hjtbfoehlono aeid is freed from benzene and crystallised 
twice from hot dUnte alcohol, m.p. 185**. (Found: N, 8'^07. 
C«iHasO*N requires N, 8*5 per cent.). 

OWypalmatme.— >Meoonine carboxy-/3-Teratrylethylamide (I) 
(4 g.) and freshly distilled phosphoryl chloride (30 c.c.) were gently 
heated together on the steam-bath for 8 hours. The mixture after 
remaining for 12 hours was decomposed by crushed ice and w^er 
and the liquid filtered from small residue. The bright yellow 
filtrate was rendered faintly alkaline with sodium hydroxidp solution 
under strong cooling. The ocberous faintly yellowish base was 
coUected. This was not crystallised and was directly reduced with 
acetic acid (50 c.c.) and zinc dust (20 g. added in two equal portions) 
by boiling for 80 minutes. The filtered solution was concentrated 
on the water-bath and then diluted with water. This was repeatedly 
extracted with relatively large volume of ether. The dried ethereal 
solution was concentrated and the residue dissolved in a little of 
alcohol and treated with potassium hydroxide (1 g.) in water (5 c.c.) 
for 5 minutes at about 70°. Water (150 c.c.) was now introduced 
and the precipitate collected. This was thrice crystallised from 
boiling alcohol with the aid of charcoal. The substance crystallises 
in pide yellow wooly needles, m. p. 194° — 196°.* (Found :C, 68‘4; 
H, 5‘9. C,xH, jOgN requires O, 68*6 ; H, 5*7 per cent.). 

The substance exhibits a strong bluish-violet fluorescence in 
strong daylight. The solution of the substance in 50^ sulphuric 
a!bid gives with a drop of nitric acid on dilution a bright purple 
colour. This is much deeper than the corresponding colour obtained 
with oxyberberine and is more stable. The substance gives a much 
stabler acetate than oxyberberine. 

The insoluble residue obtained in the above experiment was 
crystallised from acetic acid and was found to contain chlorine. 
The substance was not obtained in sufficient quantity for detailed 
investigation. Therefore the similar compound obtained in the nase 
of oxyberberine was prepared in larger quantity fmd investigated 
(cf^ Perkin, Bay and Bobinson, loc. cit., p. 744). The substance 
• • 

* ^awoiib, Koep&i and Perkin desoribe it se ball coloured prisme, m. p. IMP. 
The snbetanoe found in the present inveatigntion wna compered with osyberberitte 
end except that the two aabe t a n cee had different m. p.e no other difference in 
pTOpertiMpbxaioal an^d ohemioal oonld be detected. 
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(ni) ttryslallised m ytSkm rtt6^uigid«r piisms ttom Mdib 
(ihrioe), then from benseae aadl flnidly from ethyl Metote. m. p. 
22»*^aW. (Founa: 0, 61*85; H. 4*1; N. 8*98. 0|,H,«0»NC1 
requizes G, 61*45; 8*8; K» 8*6 percent.)** 

The best thanlm o£ tiie author are due to Prof* B. Bobinaon, 
F.B.8., few his kind interest and to the Chemicid Society (London), 
lor a grant which defrayed a part of the cost of the investigati<m. 
Hie author is also indebted to Prof. P. C. Hitter for the gift of 
pure opianic acid. 

• 
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Photoehtmieal Raaetton between Bromine and 
(1) Ginnamio Add, (2) StUbene. 

Part II. 


Bt BUEinNlHOBAN PURKAYASTHA AND JkaNEKDSA CHAKDBA OhOSH., 

In a previous paper (this Journal, 1926, 8, 261) the results of 
investigations on reaction between bromine and (1) cinnamic acid, 
and (2) stilbene in carbon tetrachloride solution were published. 
White light was used for illuminating the system. It was found 
that the velocity of reaction can be roughly expressed by a 
unimolecular equation with respect to bromine. A reference to 
Tables VIII to XIII in that paper will at once indicate that the 
unimolecular velocity constant increases a little during the first 
few minutes, attains a maximum and then diminishes as the 
concentration of the reacting constituents diminishes, the magnitude 
of the diminution being 10 to 12 per cent. It was considered 
necessary* to decide definitely whether these variations were due * 
to experimental error or whether they are determined by the 
mechanism of the reaction. 

It was also shown in that paper that the rate of reaction 
d^ended upon the concentration of the acceptor molecules of 
stilbene or cinnamic acid, the inverse of the rate of reaction plotted 
against the inverse of the concentration of acceptor molecules 
giving a straight line. Berthoud {Faraday 8oe. Di$c. held in Oct., 
1925, published in March, 1926) has gven the following mechanism 
of the reaction. 


Br« + 2 Br 
A + Br ■■►ABr 
ABr+Br,— >ABr, +Br 
2ABr^— ►2il+Br* or 2ABr — >-ABry<)*A 


obtabis the following equation for the velocity <d reaction. 
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For strong absorptioa -jpssthi J Br, J. 


For weak absoxptitni 



"The rate of reaction is obviously independent of the cone, 
of the acceptor as long as this o<moentrstion is not very weak." 
This sta^ment is in contradiction to the result we have obtained 
before. The reaction was therefore subjected to a thorough re- 
investigation specially in view of the fact that Berthoud has not 
published his experimental data by means of which the acomacy 
of our results could be checked. 


Expbrimektal. 

The methods of investigation were the same as before except 
that in the measurement of the incident radiation a Moll thermopile 
and a Moll galvanometer were used. By the aid of coloured filter 
solutions recommended by Plotnikow, parallel beams of blue and 
green light were isolated and their photochemical action was studied 
separately. The following filters were used : — 

(1) For blue light between X.:s494f^f*. to 458/1^ 

(a) methyl green 0*2 gm. per litre (1 cm. thick). 

(b) copper sulphate 150 gms. per litre (2 cm. thick). 

(2) For green light between Xs540fc/i to SOBftf*. 

(a) potassium chromate 200 gms. per litre (2 em. thick). 

(b) copper chloride 600 gms. per litre (2 cm. thick). 

The reaction vessel used in the experimental had the following 
dimensions 

Height Breadth Thickness 

2*0 cm. 1*5 cm. 1*5 cm. 

It was necessary for purposes of exact interpretation of experi- 
mental data that the molecular extinction coefficient of bromine 
for various wave-lengths in the solvents used should be known. 
This was measured by memis of the Kbnig-Martens spectrophoto- 
meter. The values of molecular extinction coefficient are given 
in Table I. 
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Tablb 1. 


Solwnt 

Molftculftr extinction coefficieni of bromine* 



679mm 

546mm 

5d8MM 

488*5mm 

4a6AW 

cs. 

Di 

8-64 

34*51 

31*5 

86*2 

198*4 

COl. 

ESI 


15-6 

19*7 

50*1 

97*6 


It will be noticed that throughout the visible spectram the 
extinction coefficient of bromine in carbon disulphide is 1*5 to. 
2 times that in carbon tetrachloride solution. In the molecule of 
carbon tetrachloride all the valencies of the atoms constituting 
the molecule are more or less completely saturated smd hence the 
field of force round the molecule is very weak. In carbon di- 
sulphide however, the field of force round the molecule is much 
larger due to the unsatisfied latent valencies of the sulphur 
a^ms. The larger extinction coefficient of bromine in carbon 
disulphide may be due to a complex produced by the association 
of carbon disulphide molecule with bromine. 

THe Influence of Concentration of Acceptor Moleculee on the 
Velocity of»Photobromination . 

For accurate determination of this factor the following simplify- 
ing conditions were adhered to. 

(a) Blue light was used ; the extinction coefficient of bromine 
for this light being very large, the whole of the incident radiation 
is practically absorbed even by dilute solution of bromine, there 
> being no appreciable variation of absorbed radiation for small 
changes in concentration of bromine during the eourse of the 
reaction. * 

(6) The initial concentration of the acceptor molecules, as will 
be evident from Tab le II, was always in excess of the concentration 
of the photoactive bromine molecules. 

• (o) A definite but small period of induction haS been noticed 
before ;,to avoid this initial disturbance two ooncentrttions of bro- 
mine and *, were measured 6 and 20 minutes after starting 
the reaction. It wUl be at once evident from Table U that the 
oofioentration of cinnamic acid for each experim^t during this 
17 






^ B. M. 0; 

i&tsnral of 14 mmuies did not Kdiwigo preoeptibly m Uia, ^unigo 
inUMoono. of bromine during this time never exceeded ‘002 1C. 
If Brathoud’s equation, 

2*S X 

— log — i^ssit were oorreot, 

X ^ j 

the values of k would have remained o<mstant throughout. The 
values of A as obtained experimentally are recorded in oolnmn 8 
of Table H. They show a regular diminuticm as the initial o<m- 
centra^ion of cinnamie acid diminishes. 


Table !!« 

Solvent-CS,. Temp. SO^C Blue light. 

Initial concentration of bromine in each experhnentssO’OOTl M 


Cone, of cinnamio 
acid. 

Osmotic presBure 
in mm. 

Jl 


*06 If 

1121*6 

*0455 

21*^ 

*0SM 

660-9 

-0425 

' 28*68 

*0326 M 

420^6 

-0891 

26*67 

*016 M 

280-6 

-0856 

38*1 

‘01 M 

187-0 

-029 

84*48 


The inverse of osmotie pressure plotted against the inverse ol 
k gives a straight line. Bxtending the equation of Turner (see oar 
previous paper, loc. cit., p. ^01) to this case we obtained for 

A... = _^?™2EL=18| =0-O06a8. 

Slope 80*3 

c 

U 

from whudi vss2‘24xl0~*<* sec., wharerisihe Efe period of the 
excited photosensitive constituent. * 

Table IH gives the experimentaUy determined values ol r Bar 
photobromination Undor diffmmit oonditicaa ol coporimeat, • 
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Table 111. 


dolvsat. 

Acoepton 1 

Am*r 

1 

1 

08. 

Cinnsmic acid 

0*00628 

C8, 

Stilbeiie 

0H>186 

CCl. 

Cinnamic acid 

0*0021 

OCl* 

Stilbene 




1 


It is accordingly neceasary to modify the equation and also the 
reaction mechanism by Berthoud in a way which will make possi> 
ble a systematic explanation of our experimental results. It should 
be pointed out at the outset that in our previous paper we obtained 
the equation (loc,cit., p. 267) t 


t 




T+t 


where (a— a;) is the concentration of molecular bromine, r is the 
life-period of the excited photosensitive constituent and T the inter- 
val between collision of the excited component and the acceptor 
molecule. The method of deduction of this equation as given 
before appdars now to have been unsound in that the extinction 
coefficient of l»omine was considered to be small. *0118 state- 
ment is true for white light as a whole, but the velocity of reaction 
has been now found to be mostly determined by the blue and green 
radiations in the wave train, and the extinction coefficient bro- 
mine for these radiations is very large (see Table I). 

Our experimental results which are recorded in this paper in 
* Table IV to XIV can be best explained by the following mecha- 
nism of reaction : 

( 1 ) 

( 2 ) 

( 8 ) 

... • (4) 

... • (5) 

A mecb*"**™ leading to the regeneration of bromine atom 
necessary in order to account for our experimental ohservaiioa 


Br^ + hv ' >2Br ... 

Br-I-Br. ►Br, 

Br, ►Br+Br, 

Br, A ►ABr, +Br 

"►Brt 
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that under different experimental conditions the number of dibrt^ide 
molecules formed varies between 50 and 150 (Table ' XtS) 
for each quantum of light absorbed. The fourth process determines 
the speed of the reaction : (8) and (4) render back the bromine 
atoms consumed by (2). Thus (1) and (5) are in continual equili- 
brium and the concentration of free bromine atom at any instant 
is given by the relation. 




or [Br,]= ] 

for green and blue light c is very lai^e; 


tBr] = 

Assuming that all molecular species involved in this reaction except- 
Br, is pretty stable, but that Br, has a very short life-period r, 
it follows that the concentration of Br, at any instant is practically 
determined by reactions (2) and (3) and has the value 

[Br.]=^-|^[Br] [Br,] 

t 

This is only true if the life-period of Br is not too small to allow of 
the application of the law of mass action in its ordinary Jform to (2). 
The rate of formation of the dibromide and hence the rate of dis- 
appearance of bromine is (from 4) proportional to the concentration 
of Br, at any instant multiplied by the factor r/T+r where T is the 
interval between the collision of a Br, molecule and an acceptor 
molecule of stilbene or cinnamic acid. 


dt 




[Br,] 


T+t 



Vjt. 


T 

T+t 


kV I.(a+x) 


T+t 


« 


But T^Aa*p where p is the osmotic pressure in mm. of the acceptor 
molecules. Again p—kO (c—x) where {o—x) is the concentration of 
acceptor in gm. mols. per litre, 6 the absolute temperature and k is a 
ooiustant which can be easily evaluated (Van’t Hqff’s Law). 
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Hencd &>=:k 
at 




rAa*1t0{o—x) 

' 1 4’Tila*M (c— '*) 


putting rAa'^asB, 


fa 

dt 




ssfc '✓/’.(a—*). 


1+ B(c-*) 


or d« 


r n-B (o^g) 

Lb (o— *) (c— as) 



or on integration 



1 

t 


TO-«) 




In Table IV-XVI the values of Icj given in column 8 are calculated 
from the above equation. The values of Ic, given in column 4 are 
obtained from the simple unimolecular equation. 

It will be seen that the velocity of reaction at the initial stage 
s&ows a progressive increase for a period varying between 5 to 15 
minutes. This is due to the fact that during this stage the 
concentration of Br as determined by the equation (1) and (5) is on 
the increase. To avoid this initial disturbance the velocity 
constants given in the tables are calculated from the second reading 
as the initial value. 


Table IV. 


Green light; Intensity =*15 Hefner ; 

Solvent CS,; Acceptor — cinnamic acid ; Initial cone. — *0288 M 
Temperature 80°C ; B = 120. 


Time in min. 

(a— «)— ooDc. Brt 
moU. per litre. 

• 


0 

•0197 

1 

» • • 

■ • 

8 

•01706 


... 

• 16 

*01466 

*0824 

*0285 

• 

* 20 

*012 

•0814 j 


ft^6 

•009 

*0318 I 

*029 

68*0 

•00675 


*0206 






'0M- ' 


Intenaityssl Hefner. 


Time in min. | 

(e— s)— oooo. Br* 
mols.p«r litie. 



0 

'09638 

• •• 


5 

*09065 


• •e 

9'6 

*0149 

*105 

•0749 

• 16 

*0090 

*110 

*0741 

SM)-2 

*0078 1 

'lOB 

*0690 

31 

*0045 

*0099 

*0588 


Table VI. 

8(dventCCl«; Intensttys;! Hefner; Bs40. 



*01969 

• •• 

• •• 

17*6 

*01583 


• ee 

89*6 

•01117 


*0148 

84 

'00675 

*0291 

*'0133 


Table VII. 

Intensity B O' 15 Hefner. 

B^Teat GS,; Aoeeptor— stilbene; Initial oono.'~0'0288 M 

Tem^. 80 *C ; B ssSOO. 


« 

0 

•0197 


• e# 

IS 

Vt88 

... 

•*e* 

88*7 

*0158 

*0131 

*«107 * 

54*5 

*0198 

.0131 

*ti05 

78 

*01085 

*0114 

‘0096 
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Table VIH. 
Intengityssl Hefner. 


TiMiamia. 

(a— *)— oone. Br, 
mob. per litre. 

■ 

8. 

0 

*M688 

t 

[— 

1 

16 

*0156 

... 

» • • 

S7 

*01087 

•0478 

•ofcr 

86 

*00775 

•0470 

*088 


Table IX. 

Blue light; Intensity s:l Hefner. 

Solvent CS,; Acceptor — Cinnamic acid; Initial Cone. — 0‘02o8 M. 

Temp. 80»C; Bs=120. 


0 

•0197 


• •• 

u 

*01575 

... 


• 




ao 

•0111 

•058 

'039 

37 

*00655 

•059 

•038 

88*8 

•00675 

•060 

•0377 

41*8 

•00525 

•059 

! 



Table X. 

Blue light; Intensity^ '066 Hefner 
Solvent CS, ; Acceptor— cinnamic acid ; Initial cone.— 0‘0288M. 

Temp. 80*C; 8=120. 


• 0 ’ 

'03698 

... 

• 

6*8 

• 

'01869 

... 

• 

U 

*0103 

•SOS 

*108 

IA‘1 

1 *00789 

1 S 

•106 

*080 
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Tabli XI. 

Solveat CC1« ; Intensityss'l Hefner; Temp. 80^ ; £ss40. 


! 

Time in min. 

(a-^x)— conce of Br, 
mols. per litre. 

ft . 

ft . 

• 

0 

• 0196 a 


... 


-0183 

... 

... 

• 3$ 

-0145 

•0228 

•01 

55 

-01215 

•029! 

*00955 

108 

•0076 

*0939 

*00928 


Tabi.e XII. 

Acceptor — stilbene. Intensity =0‘66 Hefner; £=120. 





t 

0 

•09617 

... 


20 

•02197 

... 


31 

•0183 

•0244 

•0166 

41 

•0156 

•0247 

•0168 

52 

•0132 

•0254 

•0169 


Table ! 

XIII . 



Solvent CS, 

; £= 860 . 


0 • 

*03626 

« •« 


10 • 

*0201 


• •• 




1 . 

16*1 

•0186 

•078 

•065 

as 

*0092 

•077 

•061 
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Table XIV. 


Tfamiassio. 

(a— s) ease, of Br* 
niflls. par litre. 


I *• ■ 

0 

•0197 


••• 

5*8 

*01039 

• •• 

• •• 

B 


•074 1 

'067 

14 

•OOBO0 1 

•074 

•0685 


Tablb XV. 
Blue light. 


fiolTont 

Intensity 

1 

Aoo^tor j 

k. 

k. 

ecu 

*66 

Cinnsmic acid i 

•076 

'096.-Q94 

ecu 

•66 

Stilbene 

1 

*0246 

•017--016 


A comparison of the columns 3 and 4 in the tables given above will 
show that while k, undergoes regular diminution in value with 
increase in time* the values of are more or less conconcordant. 
This uniformity in the value of fe, is evidence in favour of the 
mechanism of reaction we have proposed. It should be pointed 
out that while in green light the constancy of the values of 
kt is always much better than that of Ic,, in blue light however, in 
some of our experiments, fej has a tendency to increase slightly as 
the reaction progresses. There is one drawback however in that 
other experimental conditions remaining the same, the ratio of the 
velocity constants k , is not proportional to the sq. root of the ratio 
of the incident intensities. In Table XVI. the ri^io of velocity 
constants are compared with intensity ratios. 


Table XVI. 


Quality of 
light. 

Solvent. 

Acceptor. 

k < 

m 


I 

f 



ooi; 

Oinnamic 


■wo -S-, 

6-6 

9*57 

acid. 

*0096 

•0227 

Blue 

08. 



•21 

•§9 

8*6 

a 

3'67 

• 

G-reen ^ 

• t 

ft 

:S5SL-8-u- 

•093 ■ 

^-8-44 
*032 ** 

• 

«s 

•t 

Green 

• • 

Stilbene 

•0105 

*047 

•• 

M 


• • 


18 
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It vrill be noticed that for blue light the ratio of the ijiiinple 
unimole oular ecutatanta Ic, ia approximately equid to the aqt root of 
the incident intenaitiea ; for green light thia ia uot the oaae. The 
ratio of the velocity constanta ia much larger than but 

slwaya much leas than I'l'. It ia poaaible that aimultaneoualy with 
the formation of bromine atoma, excited moleculea of bromine may 
be r«roduoed by the abaorption of light and theae may cauae a chain 
mechaniam of the following type. 

(excited) 

. Br, (excited) 4- Br, — ►Br,. Br, (excited) 

, Br,. Br, (excited) +/4 >>ABr, <fBr, (excited). 

It ia obvioua that for strong absorption of light according to this 
mechanism of reaction, 


lc7=fcT=4log -2- 


1 

i B (c— fl) 


log 


ajc—j-) 
(•(o— J) 


Ic, will be proportional to the incident intensity. If these two 
processes happen simultaneously the ratio of velocity constants wjll 
lie between the simple ratio of the intensities and the sq. root of 
their ratio. 

It may be argued that the diminution of the value of Ic, is not 
due to diminution in the concentration of the acceptor moleculea 
but is due to the fact that the whole of the incident blue dr green 
radiation is not absorbed by the bromine solution and for that 
reason the amount of light absorbed diminishes as the concentration 
of bromine decreases during the progress of the reaction. If. is 
poss ible to calculate approximately the correction that should be 
applied to the unimolecular constant k, it only this factor is to be 
taken into consideration. The original unimolecular equation has 
the form. 


o** da> 

I ^ ' + M- e~***'* +... ] = v'.I t 


or 
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djt+ 


^k^/I t 


+i . i[ foe-® ••'(«-*) *•/.«. j + ... = fc v'H 


or log ^1;::^+ Sas fc V/ < 


Tlie values of can be obtained from De Morgan’s 

*’ Calculus ” and the values of 5 can be evaluated. This has been 
actually done and it was found that for blue light of Aas488 the 
correction term S is always negligible. In the case of green light 
(Asso83fi/t) in CC1« solution the value of 8 varies from ‘0012 to '0018 
as bromine concentration varies from ‘02 to ‘01 M. In C8, solution 
the variation in the value of S is still smaller. It is clear therefore 
that this correction term is not at all sufficient to account for the 
regular diminution in the value of unimolecular constant fo, with 
the progress of reaction. 

The^ temperature coefficient of the reaction between bromine 
and cinnamic acid has been determined in different regions of the 
spectrum. The experimental results are given in Table XVII. 


Table XVII. 


Temperature coefficient between 30*^ and 40°. 


Sulveot 

Blue 

Green 

White-light 


488ftft 

533ftfi 


CCl* 

2‘45 

2‘65 

2-74 

cs. 

2‘7 

2‘8 

2‘85 


It is evident from the result tbaf the temperature coefficient 
increases with the wave-length of light. The dark reaction has no 
dou£t a large temperature coefficient but the dark reaction is very 
small, in comparison with the light reaction. 

jThe relation between photochemical efficiency and wave-length 
of light is given in Table XVIII. It will be seen that in CCl* soIua 
tion the number of molecules of cinnamic acid transformed into 
dibromide per quantum of light absorbed varies from 22 to 4d> and 
in QSt solution the pumber is 3 to 4 times greater. 
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Tamm XVm. 


Temp. 

Solrsot 


No. of mds. tesnstoneoi jwt^qitaatam of 
Blue (468Nt) Qmu ( 888 ^ 1 } 

80*C 

CCl, 

Cinnamic acid 

48 

23 

tt 

ft 

Stilbene 

84 

16 

• » 

cs. 

Cinnamic acid 

156 

101 

• • 

GS. 

Stilbene 

99 

53 


Summary. 

1. The photobromination of cinnamic acid and atiibene has been 
studied' in CC1« and CS. solutions in blue and green light. 

, 2. It has been found that there is a regular diminution in the 

value of the unimolecular velocity constant with increase in time. 
This has been explained by assuming the following mechanism for 
the reactions: — 

Br, + hr ►2Br 

Br+Br, ►Br, 

Br» ►Br+Br, 

Br,+A ►ABr. + Br 

2Br ►Br,. 

8. The temperature coefficient of the light reaction has been 
found to increase with the wave-length of incident radiation. 

4. The average life-period of the intermediate activated mole- 
cule in the photobromination of cinnamic acid and stilbene has been 
determined and found to be of the order of 10-* secs. 

5. Molecular extinction coefficient of bromine in carbon disul- 
phide for different wave-lengths has been measured. 

6. In blue light the unimolecular velocity constant varies as the 
sq. root of the intensity of incident radiation but the increase is 
greater in green light. 

7. The rate of reaction depends upon the concentration of the . 
acceptor noolecules. 

8. The photochemical efficiency of the wave-lengths 488fifi 
588/*fi ior the bromination of cinnamic acid and stilbene has been 
measured. In the case of cinnamic acid in carbon tetrachloride the 
number of molecules transformed into dibromide per quantum of 
488fi#« is 48, ' of 583f(fi 22. In carbon disulphide the number of 
molecules transformed per quantum is much greater. 


CasinoAt, IiABoeATOM, 
Tax UsivSBsm or Dacca. 


Btethed April 80, 1937. 



The Dependence of the Ionisation Potential of 
Elements on their Electronic Stmctnre. . 


By B. N. Ghosh. 

Our knowledge of the electronic structure of atoms which is 
successively due to Bydberg, Bohr, Main-Smith and Stoner, has been 
recently put in a diagramatio form by Saha and Bay {Phy». Zeit., 
1927, 28, 221). The difference between the Saha scheme and 
Stoner’s is as follows : Stoner has divided the L-level in three L , , , 
l-'ti-B,*, the M-level in five sub-groups, etc. Saha and Bay have 
sho>^'n that the division of each of the L,,M,,N» into two sub-groups 
is more apparent than real, the two sub-levels ought to be 

unitod"under one single L, -level instead of being split up. Stoner’s 
scheme has sometimes given rise to certain misconceptions. Some 
investigators assume that when the Ms-level is filled up, as for 
example in the transitional groups, either of the M,, or Mss an b- level 
is first filled up to its maximum number of electrons and then the 
other level begins to be filled up. Saha and Bay have shoii^'n that 
this conception is opposed to the actual structure of the outer shells as 
revealed by analysis of optical spectra, to account for which we have 
• to assume that the electrons are not divided into two statically 
distinct sub-levels, but only in one Mf. or M, level. The optical 
terms are given by the synthesis of the qutmtum mechanical char^- 
teristios of these electrons, according to principles discovered by 
Bussel, Pauli and Heisenberg and worked in full details by Hund 
(ZsB . Phytik, 83. 345; 3i, 296). 

‘This view is also supported from an examination of* the progres- 
sive values of the ionisation potential of eltynents. It can be shown 
that the ionistdiion potential of a particular element rises gradually 
with the number of electrons in the . outermost shell. When the 
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outer shell is completed iouiaatlpn potential reaches a ms^mum 
value. The same thing may be ssad of the radiation pdtential. 
Thus when we consider the i<misation potentials of elements from 
boron to neon, or from aluminum to argon, in which in each case 
the L, -level is being filled up. we find that the curve is uniformly 
rising and reaching a maximum value in neon and in argon 
respectively. The same may be said about the transitional group of 
elements in which the M* or the N, level is being gradually filled up. 
with one or two electrons in the Nj or the 0| level (see Fig. 2). 
Here also the curve shows a gradual increase reaching a maximum 
value when the shell is completed, after which there is a sudden 
‘drop when the next shell begins to be filled up. The curve as we 
take from scandium to nickel shows no maximum at any inter- 
mediate point as would be expected if there were a state of separa- 
tion of electrons in two sub-levels M, and M, and, if the Mg-level 
was filled up after the -level had received its complete quota of 
electrons namely four. 

We have to explain bow these values have been obtained. In 
some cases, £.<7., in H and He, the value of I. P. is known from 
experimental data. But the results obtained from the electron 
bombardment method have always to be confirmed by results 
obtained from spectral classification of the lines of element. In 
order to be able to grasp the spectral data, I start with the general 
structure diagram of elements as given by Sulia. (The diagram has 
been taken from the paper of Saha communicated to the Phys. Zeit., 
“ Uber Eine Neue Karte des Aufbaus der Atome ”). 

To get the spectral terms, write out the full number of electrons 
under each level, for example taking Si we have to write 2 under 
Ki, 2 under li,, 6 under Li,, 2 under Mj, then we are left with 
2 under M,. The constitution of the outer shell is now 2Ma, To 
get the optical terms, we haVe to keep one electron running through 
the higher levels, and calculate the terms according to the rules 
given by Pauli, Heisenberg, and worked out by Hund. In this way, 
let us take all the elements successively. 

H, He an!^ Li. — The ionisation potentials ore so well knswn 
that no discuWion is necessary. ^ 

Beryllium . — In beryllium the terms expected will be apparent 
from the structure diagram. 
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ATOMIC NUMBER 
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DBPBNDBNCB OB IONISATION POTENTIAL OP BLBMENTS 4^ 


1 

CkHBstitatiaD. 


Terma expected. 

Terms found. 

«L» 


•8„ 

76074 (7) 

I*tL, 


»P 

•P, -63212 
^P, -32481 (?) 

L,M. 


•D, *D 

1 »D-13137 

1 


Though the triplet eerieK have been obtained by Bowen and ^illikan 
{Phyaical Review, 88 , 256) and the triplet terniK »P and *8 are 
known, no intercombinntions have yet been determined. Th? 
above value of the ionisation potential has been obtained on certain 
aaeumptions. The ionisation potential cannot be very much different 
from the value given here, because the strong arc line A 2348*7 is the 
line *8 — *P», and *P comes out to be 32481, i.e., ca N/2*. 

Boron . — The ionisation potential of boron (Bowen and Millikan, 
Physical Review, 1927, 29. 232; also Inc. cit.) has been calculated from 
the recent data of Bowen who finds the deepest term *P, equal to 
67546 and the corresponding ionisation potential comes out to be 8‘4 
volts. 

Carbon . — The spectrum of carbon is one of the least known. 
According to the structure diagram the terms expected are as 
follows: — . 


Carbon . 


CoinbiDatioii. 


Terms expected. 

Terms found. 

1 

21,, 


So 


L. M. 

... 

• 

No value is accurately 
known. 


•Po»ji»s have the highest values. Bowen and Millikan (loc. cif.) 
have recently obtained combinations which Bowen interprets as 
being due to the transition, 

2L, 2L, 3L, L, 

L,). 

If the assignment be correct, the fundamental *P‘term8 have the 
successive differenced 16 and 27, so that the line A 2478 which alone 
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is obtained with tiie aid of ordinary apectrographa in the apeotrvtm of 
carbon, ariaea either from *D. or *So state. Assuming thaltituises 
from *Da (which alone s^ves us strong combinations), we can provi* 
sicmally put 


X2478.8=‘I>,-»P. 

and assign to the value of N^*, we have 'D, 0 67709, the 
fundamental *P=s*Da 4*11000 from cmalogy with the differences 
between *P— ‘D, terms of other tetravalent elements like Si, Qe, 
Pb. (See MaoLennan, Trans. Roy. Soc., Canada, 1026, 20, 362). 
%he I. P. comes out to be 0*7. 

The ionisation potential of neutral silicon has not yet been 
accurately determined, because the higher Rydberg terms have not 
been traced. According to Fowler {Phil. Trant.t 228,1) the ioni- 
sation potential is about 7*5 volts. This can be wrong only by a 
small amount. Recently MacLennan (loc. cit.) has obtained a better 
value, viz., 7 '99 volts. 


Nitrogen and Phoephorue. 

Both have 3 P-eleotrons in the outer level. 

The series classification of elements with 3P electrons in the 
outer ring is yet incomplete. According to the structure diagram the 
fundamental term and the next terms will be as follows - 


Nitrogen. 


Combination. 

i 

Terma expected. 

Terms found. 

») 

« 

3 1j, 

• • • 

«S„ •?. »D 

117353 (Bcpfieldr 

b) 

2L. Ml 

• •• 

»D *8. ‘P 

88379 V 

*P-45088 (Kiesa). 


Kiess and Kiess (J. Optical Soc., America, 1925, 11, 1) have 
effected some classification in which the final orbit corresponds to (6). 
Hopfield {Phyeical Review, 1926.27, 801) recently announces that he 
has obtained a*B— term and he calculates from certain rather vague 
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aaalogias.ihat 14*48 volts, but the value seems to be a bit too 
high. No oonneotion seems to have been obtained between Kiess' 
and Hopfield’s terms. The I. P. as given is subject to revision. 

In the case of phosphorus, Sur {Nature, 1925, 542) has worked 
out the limiting value of a set of doublet term which can probably be 
identified with *P in the fundamental combination. If this view be 
•correct then would have about a value of 72000 corresponding to 
the ionisation potential of 0 volts. This value is also uncertain. 

Oxygen and Sulphur (six-valence electrons). 

Values given by Hopfield {Nature, 1923, 437) have been adopted 
as they are apparently quite accurate. 

Fluorine and Chlorine (five electrons in P-orbits). 

According to the structure diagram the fundamental levels and 
the higher levels will be as follows. 


Fluorine. 



Cnmbioation. 


Terms expected. 

1 

! Values. 

«) 

5 Ijy 

•f 

1 

1 

a p i 

136000 

h) 

4L. M. . 

1 

♦P, 

‘P,* 46747 



i 

•f>. •!>, *P 

j * P ss: 

1 * 

1 

c) 

4 L, M, 

• •• ! 

\ 

•D. *1>, *8 J *P 

1 

) 

t 

1 


Dingle {Proc. Roy. Soc., 1920, 113, 323) andDe Bruin {Zict. Phyaik, 
33, 869) have observed the quartet and doublet terms corresponding to 
the combinations (6) and (c), The value assigned by Dingle to 6 “p is 
‘rather arbitrary. Bowen {Physical Review, 1927, 29, 231) has recent- 
ly announced terms corresponding to first combination. The value* 
of the *P terms has been found to be 136900 corresponding to an 
ionisation potential of 16*9 volts. As regards chlorine Turner 
‘ {Physical Review, 1926, 27, 397) has obtained lines ari*ng from the 
fundamental ‘P level ; assigning to the 6 *P term the approximate 
value of 3*2 volts which is intermediate between the values of cor- 
responding terms of argon and sulphur, we obtain for its ionisation 
potential a value of 1 8«'2 volts. 

19 
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Inbbt Oasbs, 
Neon and Argon. 


Gombination. j 

e 

Tersas. 

Neon* 

ArgtA. 

(X-L. M)6X, 

•s„ 

178910 

137103 

Y. 

•P 'P 

•B »P 

39110, 39470, 39887 
38040 

33567. 33361.83967 
317U 

SXi Y, 

r 

»■ 

*DiP ‘S 

•P »D »P 

90038— il3r>71 

11493—19410 

18388-33009 

11743—16386 

ex, Y. 

ip *D j 

s 

about N73» 

•bout N/3* 


In both these cases, series classihcation is complete. The 
fundamental orbit in the case of all the inert gases is 'So 
and the next terms are *P and *P,. The line 'So— *P, and 
'So — ‘P have been obtained by Hertz and Lyman {Zcit. Phyeik, 
1926» 31, 469). The combinations and the expected terms' are 
shown in the above table. In the case of neon and argon. 
*P and ‘P values are obtained from those given by PascUen {Ann. 
Phyaik, 60, 405 ; 63, 201) and Meissner (Zetf. Phyaik, 1(26, 39, 172) 
respectively, who have been able to trace Rydberg sequenftes. The 
values given are therefore strictly accurate. 

Tban'sitional Groui» 1. 

Sc to Ni. 

The ionisation potential of these elements have been calculated 
from the following considerations : — 

In none of the tran''itional group, the ionisition potential is yet 
accurately known, excepting in chromium (MacLennan, National 
Academy of Sciences, 1926, 12, 726), manganese, (.4nn. Phya. 
Chem., Madrid, 1926, 81. ,42; see also M.A. Catalan. Phil. Trana., 
1922.283, 127) and molybdenum {Bull. Bureau of Standarda, Yol.' 
19, p. 113). The constitution of the outer shell as given in the struc- 
ture diagram has been obtained from analysis of the optical spectra, 
which is so far confined to the identification of the fundameutal and 
the next set of terms. Sur has discussed how the Rydberg sequence 
even in such complicated spectra can be traced, but the task 
proposed is so laborious that it would take a long time before the 
full Rydberg sequences are obtained. The values of the i<mieaiio& 
potential as given above have been obtained from various coonidera* 
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lions wbioh CAB bo regarded only as approxiaiate« bul the actual 
▼aluea cannot diA»r by more than *1 or ‘2 volt. 

Tttontttm. — Buasel quoted by Payne {Proa. Nat. Acad. 8oi., 1S» 
725) announces recently that the I.P.as6'8 volts and not 5*8 as 
miginally announced by Kiess and Kiess. Russell’s value seems to 
be a bit higher than what it ought to be. Since the paper has not yet 
come out, it is not possible to settle the point. 

Iron, Cobalt and Nickel . — In case of Fe, Laporte {Zeit. Phyeik, 
28 , 18) gives the I.P.=8‘15 volts. He has traced two *F terms 
which he thinks form a Rydbetg sequence. In Co Sur has ^vnked 
out the Rydberg sequence of *F terms and the value 8*52 volts 
seems to be fairly accurate (unpublished work). In Ni, the value 
has been given by Kichiu, Bechert and Sommer {Ann. Phyeik, 
77, 351, 536) from the terms which are supposed to form Rydberg 
sequence. This value may not be quite accurate. 


Atomic N amber. 

Elemeot. 

[oaisatiOD Potential 

Bemarka. 

1 i 

H 

18*54 


• « 1 

He 

24*47 


8 1 

Li 

6*37 


1 

1 Be 

9*2 

Calculaiede 

6 

B 

6*4 


6 

0 

1 

9-7 

Oalculeted. 

' 7 

N 

14*6 

Too high. 

8 

o 

13*56 


9 

F 

16*9 


10 

N« 

21*6 


It 

Ns 

5*18 

1 

12 

Ug 

7*61 


13 

A1 

5-96 


14 

8i 

7^ 


id 

A * ■ * 

p 

9*0 

igtpnniaists. 

16 

8 

10*3 


* 




n 

Cl 

18*2 


18 

1 

A 

15*6 


a 

• 
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Atwnie Nomber. 

BlameDi* 

Ionisation Potential 

B|nmA:s* 

19 

K 

4‘d 


i 

20 

Cs 

6-1 

1 


21 

So 

6-4 


22 

Ti 

6*8 

Too high. 

23 

V 

6'5 


. 24 

Or 

1 

6*7 


25 

Mn 

1 

7*4 


26 

1 Fe 

8*2 


27 

! Co 

8*6 


28 

1 

0*0 


29 1 

Cu 

7 7 1 


30 

Zu 

tra 


31 i 

1 

Ga 

f 

5-97 i 

! 

f 


Summary and Conclunion. 


A preliminary survey has been made of the elements of lower 
atomic number than Ga (31), but the data are not sufficiently 
accurate. The spectral classification also has not jet been com- 
pleted. But from this preliminary survey, the main points raised 
in this paper have been confirmed* viz., there is a short period of 2 
(corresponding to the formation of alkalis, and filling up of X- 
levels ; a period of 6 (corresponding to the formation of the regular 
group of elements, ending in each case in an inert gas) ; corres- 
ponding to the filling up of X-levels ; a period of 10 (corresponding 
to the formation of the transitional groups I, II, and HI and filling 
up of the X-levels). The, ionisation potentials of the Group consti- 
tuting the rare earths are not known, because their spectral lines 
have not yet been classified. * 

In no case above treated, the existence of a subsidiary maximum . 
corresponding to the filling up of an Ma.M,,, or fiub-level 

has been traced. It therefore, appears that Stoner’s sub-levbls are 
more apparent th^i real. i 


Depabtmsmt or Psrsics, 
UiMVBRsm or Auabasad. 


B*C0i9«d April S8, 1037. 


Catalytio Formation of Methane from Carbon 
Monoxide and Hydrogen, Part III. A Study 
of Yarioas Catalysts. 

BY Kshitikdramohan Chakrababty and 
Jnanendua Chandra Ghosh 

In a previous paper (J. Indian Chem. Soc., 1929; £• 157) an 
attempt was made to prepare a catalyst which would transform 
blue water gas, in which hydrogen and carbon monoxide are present 
in almost equimolecular quantities, to a fuel gas where the percent- 
age of carbon monoxide will be smaller than 20 and that of methane 
will be larger than 30. A reference to Table IV in that paper will 
show that at 406°, with nickel-pumice-sugar, carbon- van adic oxide 
catalyst, the effluent gases satisfy this condition. The space velo- 
city is rather low being onl\ 5'7 c.c. of gas per minute per c.c. of 
catalyst space. In this paper will be described an account of a 
series of experiments carried out with the object of preparing a cata- 
lyst which will possess very much higher elflciency and will be 
at the same time steady. 

In these investigations the quantity of catalyst taken in the rog 
action tube was very much smaller (only 6 g.) than in previous cases 
so as to make the fall in the activity of the catalyst easily detect- 
able. The same apparatus as was described in the first part (toe. 
cH.t p. 150) was used during these experiments. Beference to 
Table IV in Part II of these series will show that when the temper- 
ature of reaction was near 400°. the percentage of carbon dioxide 
present in the resulting gases, when an anhydrous mixture of carbon 
monoxide and hydrogen in the ratio of 1:1 was passed over the 
catalyst, was almost the same asthsftof methane. In the experiments 
recorded in this paper, only carbon dioxide in the resulting, gases 
was estimated, and the percentage of methane formed was consider* * 
ed to bo approximately the same as that of carbon dioxide. 

EXfBBlMENTAL. 

In tt»e catalysts described below asbestos fibre was the support* 
ing material common to all. 



432 U. QMAltBAVABl‘]r ABD t. <?. OHOSM 

Catalysfc I. — Nickel Hydro$nde. 

A solution containing 1 gm. oi nickel nitrate was added to 1 gm. 
of asbestos fibre so as to give a semi-solid mass. This mass was 
next treated with a dilate solution of sodium hydroxide, washed 
alkali firee and dried. During washing nickel hydroxide imt 
deposited directly on this fibre was mostly removed. 

Catalyst II (A).— Nickel Hydroeride and Manganeae Hydroiride. 

A solution oontaming 1 gm. of nickel nitrate and 1 gm. of man- 
ganese nitrate was added to 1 gm. of asbestos fibre and treated as 
in the previous case. 

^Catalyst II (B). — Nickel Hydroside on Manganese Hydroxide. 

In this case manganese hydroxide was first deposited on asbestos 
fibre in the usual way and next nickel hydroxide was deposited on 
the product. 

Catalyst II (C). — Manganese Dioxide on Nickel Hydroxide. 

In this case deposition of mangMsese hydroxide followed that of 
nickel hydroxide. 

Catalyst III (A).— 'Nickel Hydroxide and Magnesium Hydroxide. 

Catalyst III (B).— Nickel Hydroxide on Magnesium Hydroxide. 

Catalyst III (C). ^Magnesium Hydroxide on Nickel Hydroxide. 

Catalyst IV (A). — Nickel Hydroxide and Zinc Hydroxide. 

Catalyst IV (B). — Nickel Hydroxide on Zinc Hydroxide. ^ 

Catalyst V (A).-— Nickel Hydroxide and Lead Hydroxide. 

Catalyst VI. — Ammonium Vanadate on Nickel Hydroxide. „ 

Nickel Hydroxide was deposited on 1 gm. of asbestos fibre in 
the usual way. To the product a solution of 0*1 gm. of ammo- 
nium vanadate was added and the product dried up. 

Catalyst VII. — Chromium Acetate on Nickel Hydroxide. 

A solution containing 0*0 gm. of chromium acetate was added. 
Procedure was same as in the jirevious case. 

Catidyst VIII. — Ammonium Molybdate on Nickel Hydroxide. 

A solution containing 0*6 gm. of ammonium molybdate was 
taken. Procedure was same as in the previous case. 

Catalyst IX (A). — Nickel Hydroxide and Aluminium Hydroxide. 

Catalyst IX (ll). — Nickel Hydroxide on Aluminium Hydroxide. *. 

Catalyst Aluminium Hydroxide on Nickel Hydroxide. 

Catalyst IX (D).—- Nickel Nitrate on Aluminium Hydroxide. 

A solution oontidning '6 gm. of nickel nitrate was added to a»> 
bestos fibre upon which aluminium hydroxide was depouted. * 
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111 ^ *** recorded tibe remilie of experimenis carried 

with oatalyato deeoribed above. The temperature of the cata- 
tyat before the reacting gaaea were passed over it> corresponded with 
Idiat of the fnmaee and wm 800° approximately. Cn passii^ idle 
gas mixture at a oonstant rate, the temp^ature of catalysts mass 
riaes n^dly aa the reaction on its surface is an exothermal one. 
The tMnperatore of the catalyst soon attains a maximum which 
is always higher than that of the furnace, llie rate at which the 
Jbemperature rises is a rough measure of catalytic power and the 
time during which the catalyst retained its maximum temperature 
indicates the duration of steady activity. The observation was 
CMToborated by analysis of the effluent gases. It was also noticed 
that the rate of rise of temperature of the catalyst for a constant 
velocity of the gaseous mixture varied generally in an inverse ratio 
with the steadiness of the catalyst. It is well known that "exces- 
sive activity of catalyst is associated with maximum alterability" 
and our observation in the present case agrees with that view. 


Table I, 


Cstslyst. 


I 


11 (A). 


U(B> 


n(C) 




R«t« 

to 

per mio. 

Temp. < 

°C 

. 

% 

of CO,. 

Remarks. 

58 

399 

2 

Go starting the gas mixtares at 
the rata of 58 c.c. per min. 
te-mp. of the catalyst rose from 
300"^ to 323^ and was not steady. 

69 

\ 

870 

37 

m 

Co starting the gas mixture at the 
rate of 63-66 c.c. per min. temp, 
rose from 310^ to 370°. Within 
half an hour it lost much of 
its activity. 

50 

898-96 

11*9 

On aUrting the gas mixtlure at 
the rate of 59-63 o c. per min. 
temp, of the catalyst rose frOm 
306^ to 838-'^ Within 15 mins, 
the temp, ^gain fell to 

86 

379-74 

(approx.) 

80 

On starting sthe gas mixture at 
the rate 66 o.c. per min. temp, 
rose from 306'' to hlSf* (apprpx«)« 
rtemained steady for 3-5 mins, and 
was followed by a rapid fall* 
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Catalyst* 

Bate 
in e.cs8. 
per min 

Temp. 

"C 

, % 
of CO,. 

1 

Bemeike. 

in (A> 

67 

832 

6 

On starting the gas mixture at the 
rate of 67 o.c. per min. temp, 
rose from 305"^ to 832^ and was 
followed by a rapid fall. 

in (B) 

• 

67 

355 

31-5 

On starting the gas mixture at 
the rate of 67 c.c. per min. 
temp, rose from 306^ to 855*^ ; fell, 
back to 340'’ in about half an 
hoar. 

HI (C) 

62 

310 

16 

Temp, rose from 303'’ to 310'’ only*; 
rate of passing gas being 62 c.c. 
per min. 

IV (A) 

... 

... 

... 

No rise of temp, oonld be seen 
on passing the gas mixture. 

TV (B) 

«•« 

... 

... 

No rise of temp, could be seen 
on passing the gas mixture. 

V 


... 

... 

No rise of temp, could be seen 
on passing the gas mixture. 

VI 


... 

... 1 

1 

No rise of tamp, could be seen 
on passing^the gas mixture. 

vir ... 

... 

• • • 

... j 

Slightly active. 

vni ... 

— 

j 

1 

1 

I 

On passing the gas mixture at 
the rate of 64 c.c, per giin. temp, 
rose from 300'’ to 311'’ only. 

IX (A) 

67 

345 48 

36 

On starting the gas mixture at 
the rate of 57 c.c. per min. tenmr 
ros(^ slowly from SOO^ to 35ir. 
The activity remained steady 
for about an hour and 45 mins. 

IX (B) 

61 

( 

i 

350-51 

r 

36 

On starting the gas mixture at 
the rate of 60 c.o. per min. temp, 
rose slowly from 300’ to 350'’. 
The activity remained ateady for 
about 6 hours. 

I V. (C) 

62 

350 

! 

S3 

On starting the gas mixture at 
the rate of 65-60 c»e. per min. 
temp, rose slowly from 305** to 
355 • The activity remained 
steady for about 5 hours. 

IX (D) 

Cr 

66 

! 

355-57 

40 

On starting the gas mixture a| 
the rate of 68 c.c. per min. 
temp, rose a bit rapidly from 
306*^to 362®. Activity was steady 
for about an hour. On removal 
of the catalyst from the reaction 
tube some of the particles 
showed pyrbphoric properties, t 








OmeALYTJC FOBKATION OF MBTBAHB 4SCf 

SVom ihe preceding table it ie clear that though aome of tiie 
caialyeta were Tery active even at the moderately high initial 
temperature (800*), they were never indefinitely steady. The 
catalysts associated with aluminium hydroxide however seemed to 
^e promising. The rate of fall of activity was rapid in all the 
eases. The inactivity of the catalyst in which ammonium vanadate 
was used seems to be anomalous on the face of the fact that in the 
previous paper it was seen that vanadium oxide in presence of 
sugar carbon promoted the reaction. Zinc oxide associated with 
rare earth has been found by several investigators to catalyse the 
syntlwsis of methanol from carbon monoxide and hydrogen. The 
reaction, 2 CO + 2H, s CU^ + CO, may be considered to be made 
up of the two reactions. 

CO + 8H, = CH« + H,0 

CO + H.O = CO, + H, 

Jdedsforth (J. Chem. 8oc.$ 1923, 123, 1452) suggested the following 
mechanism for the reaction : CO 4* SH, CH« + H,0 ; 

CO + 2H, ► H.COH ►:CH, + H.O ; :CH, + H, VCH, 

Methanol being an intermediate product it was hoped that zino 
oxide^might help the reaction in question. It was not however 
realiz^. 

s 

An attempt was next made to see how far the activity ol the 
pumioe*sugar carbon-nickel catalyst could be increased by increasing 
t&e o<moentration of nickel in the catalyst and also to see whether 
the catalyst in that case would retain a steady activity. 


Preparation of the Catalyet. 

Always 10 g. of pumioe stone (mixture of powder 2 small pieoes) 
were taken with 2 g. of sugar. The volume of nickel nit(idie 
solution added varied from catalyst to catalyst. Nickel nitrate solu- 
tion used contained 0*0217 gm. of nickel per c.o. of the solutiem. 
Ammonium oarbonate was used for preparing the fist two catalysts ; 
tfie procedure of preparation was practically the ,^ame as waa 
desoriBbd in part II of the series. After each day's work the 
catalyst was allowed to cool in a slow current ^pdkogen. The 
quantity ol eatalyat taken inaide the reaction tube waa alwaya 3 g. 

* 30 * 
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Tabus n. 


Catalyst prepared 
with varying quail* 
titles of nickel 
nirate solation. 

Hate 
in c.c. 
per min. 


% 

Of CO, 

Bemarks. 

I 20 c.o. sample ... 

49 

410 

I 

17*6 

On passing the gas mixture at a 
rate of 49 c.o. per min. temp, of 
the catalyat rose slowly from 895^ 
to 410^ 

II 80 e.c., sample 

66 

427 

88 

On passing the gas mixture at the 
rate of 56 e.c. per min. temp, of 
the catalyst slowly ruse from 890* 
to 430*. 

ni 50 e.c. sample 

61 

427 

40 

On passing the gas mixtare at the 
rate of 61 c.o. per min. temp, of 
the catalyst rose slowly from 800P 
to 480*. 

IV 60 c.c. sample 

62 

428 

89 

On passing the gas mixture at the 
rate of 62 c.c. per min. temp, of 
the catalyst rose slowly from 895* 
to 429*. 

V 80 cc. sample ... 

76 

4S2 

1 

40 

On passing the gas mixture at the 

1 rate of 75-80 e.c. per min. temp, 
of the catalyst rose from 895* to 
440*. 


It will be seen from Table II that the activity of the SO o.c. 
sample is much greater than the 20 c.c. one. In the case of 
catalysts with higher oonce ntration of nickel, the rise of activity was 
not marked. The rate of loss of activity in these catalysts was 
slow enough to escape quick detection. But slight deposit of carbon 
could always be seen in the catalysts on removal from the reaction 
tube. 

From the study of the pumice*sugar charcoal-nickel catalyst 
it is evident that the rate of fall of acivity is very slow as opposed 
to the behaviour of non-sugar-charcoal catalysts described in this 
paper; It should be noted however that our attempt to obtain a 
catalyst of very high and steady efficiency at 400” has not been 
completely successful. In a forthcoming paper will be described 
the result obtained by using a mixture of water vapour, carbon 
monoxide and hydrogen as reactants. 


Tax Umvxitun, 
. Dacca. 


Htethsd itof inr. - 






Note on Some DeriTatives of Diphenylmethane. 

Br KoTTiAZATn Nakavaka Menok. 

During the lest few years much attention has been given to the 
problem of the position in space of the phenyl groups in diphenyl, 
and a survey of the position has recently been made in the Annual 
Beport of the Chemical Society (1926, p. 119*125). 

The author has made numerous experiments with the object of 
preparing the hydrocarbon (I) but the results have not been pub* 
lished owing to the appearance of an almost identical piece of 
work by Sircar and De (J. Indian Chem. Soc., 1926. 8, 245). In 
both cases negative results were obtained. In continuation, the 
investigation was extended to derivatives of diphenylmethane, 
which both Kaufler (Annalen, 1907, 351, 151 ; Ber., 1907, 40, 8250) 
and Montague and Van Charante (Rec. trav. Chim., 1912, 81, 848) 
had suggested might possess a folded structure similar to the one 
proposed by Kaufler for diphenyl. 

While, this work was in progress, it was shown by Butler and 
Adams (J. Amer. Chem. Soc., 1925, 47,. 2610) that the deductions of 
Montague and Van Charante were incorrect and this rendered it 
unlikely that it would be possible to join the rings in diphenyl- 
methane by a second likage (III). It seemed advisable, however, 
to record the results. For this purpose the removal of hydrogen 
bromide from the bromo derivative of 4*metbyldiphenylmethane (II) 
or the elimination of iodine from 4 : A'-di-iododiphenylmethane (IV) 
seemed to offer the gpreatest prospect of success. 



The former *of 'these two reactions was not investigated but 
Jeege number' of e^Htiments- Were Carried out*'Wfth the df4ddo‘dari-‘ 
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fiomm&ioad to teporate and the reaction mixture ultimately became 
a thiok paste. After the addition of ice the solid was collected and 
reorystdlised from amyl alcohol (yield 60 per cent.). The same 
product was obtained when the bromo derivative was added to 
fuming nitric acid at 0**. 

4’A'-DibromO’‘fi:Z’‘dinitrodiphenylin6thane crystalised from amyl 
alcohol in yellow needles, m.p. 238-240°. It was sparingly soluble 
in ordinary organic solvents. (Found: N, 7*0; 6r, 38*4. 

CiaH,0«N«Br, requires N, 6*7 ; Br, 38*5 percent.). 

4 : 4*-DibTomo-S : B’-dinitrohenzophenone . — 4 :4'-Dibrom5-8: 3'- 
dinitrodiphenylmethane (2*5 g.) was dissolved in acetic acid and the 
hot solution gradually treated with chromic acid (2*5 g.) dissolved in 
acetic acid. When the oxidation was complete, water was added 
and the ketone collected. It was purified by crystallisation from 
benzene and melted, as stated by Montague Hoc. cit.), at 157-158°. 
(Found: N, 6*8. Calc. N, 6*5 percent.). 

The author desires to thank Prof. J. J. Sudborough for suggesting 
this investigation to him and Prof. J. L. Simonsen for advice during 
its progress. 

DiPABTiftMT or Oboanio Cbbmistbt, 

Imojam Inbtitoti or Sounos, 

. Bamoaubk. 


Bzceivtd Juit* 6, 1987. 




Signifloanoe of Minimum Ionising Potentials of Gases 
in. Relation to their Moleoniar Yolnmes. 


By S. C. Biswas. 

The displacement of an electron of any atom from its orbit in 
the stable condition is always associated with a certain amount of 
energy. Unless this amount exceeds a certain minimum value the 
atoms do not in general gain in energy. For the energy correspond* 
ing to hv, the atoms, however, just gain in energy and the electron 
is displaced from its most stable orbit to an unstable one, v, being 
the frequency of the first member of the absorption series, which 
is re*emitted in again falling back to the stable orbit. In this case, 
as can be seen, the electron is not driven to the extreme orbit of 
the atom or beyond the range of nuclear attraction. The energy 
corresponding to hv, where v, is the convergence frequency of the 
series for w^iich v, is of the first member, gives the necessary 
energy for the atoms to be ionised and is known as ionisation 
potential, the term hvr being called resonance potential by Tate 
and Foote. 

According to the electron theory, the electric doublet formed 
by the displacement of an electron relative to the central core, 
under the infiuence of an external electric field explains the 
polarisation of a medium. Comidering the electron displacements 
in the case of the polarised media to bq the same as in the cases of 
those by the absorption of minimum energy hv,, Compton (Phy». 
Review, 1016, 8, 4L2) has shown that the natural frequency 

_ 1 / vNe* 

•'r-- V wtir-T) 


N being the number of molecules per unit yolume* e and the 
dhai^e and mass of tjie electron* and K the dileotrio constahti 
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li F, Ja the minimum ioni^g potaailul* 
then 


or 






ire 


V« ^ZTiJ- 


Substittttiag the known vidues of oonstente e» m aad h. 


r,= 


•194 


The oaloulated values of V, i.e,, minimum or resonmoe poteo • 
tials are in good agreement with experimental values. The value 
of K was derived from refractive index for infinite wave-length. 


Di-electric Conetant and the Molecular Volume, 

On the modem belief of the structure of matter as presupposed 
in this calculation, the ring of electron or electrons in rapi^ orbital 
motion, constituting the outermost electron shell has 'been substi- 
tuted for Mosotti’s conducting sphere, and there is reason to 
believe that the radius of the displaced orbit under the influence 
of any external field must be greater than the calculated radius of 
Mosotti. That there is an appreciable field of force outside the 
outermost shell and it is due to this— -that in an elastic collision 
between any two gas molecules, the separation is greater than the 
sum of their respective radUi— has already been recognised by Jeans 
to explain the discrepancy between Mosotti's values and those from 
gas laws (Jeans, “ Mathematicid Theory of Electricity and Magnet- 
ism,” 3rd Edition, p. 188). It naturally strikes then, that the first 
resonance potentials which measure the work done in displacing an 
electron from ^the normal mrbit to an orbit within the atom fhrther 
removed from the nucleus must have some reference to the nlble- 
cular volumes deduced from kinetic theory of gases. This* expecta- 
tion is realised to a certain extent in the Table I, column (TV) 
which shows that the product of molecular volume v und &e 
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mlnhAatti pofeokUal V, te a oonstaat quaatity 5 to 6% . 

l%ie mctfacttlar vohima is calculated from the equation 

where b is the well known constant of equation of state, 6o *'• 
being critical temperatures and pressures. 

TABI.E I. 


I 

OSSM. 

n 

M<deeiil»r 

▼olaines. 

in 

MiAimnm ionising 
pot« (▼oils). 

IV 

Feb. 

• 

H, 

119 

10*4*, 10*9** 

1286 

He 

106*0 1 

A9*7*'* 

1060 


99*6? 5 



Ne 

76 

18*84.* 18*6*'» 

1261*6 



8*99«» ) 

1186) 

A 

. 144 

U*6±'9« f 

1655) 



6*79**> 

1189 ) 

Xr 

177 

9-7*«J 

1784*6 } 



5*97»») 

1204 > 

Xe 

998 

8*8*«) 

1869*6 1 

Ne 

106t) 

7*(h*’% 7*4* ‘ 

1287*6 


178 j 



,CO 

178 

7*86,‘® 7*9,* 7*4 *» 

1281*6 

O, 

149 

8*4,* 9*0*** 

• 

1278*0 

C.H. 

969 

5*1*0 

1290 

F. ’ 

laO (Cel.) 

9*84« 

1270 

Cl. 

968> 

4*95* ) 

1247 > 

■ e 

906i 

8*9“«i 

1681 i 

• 

Rcf 

189) 

6*5* ) 

• 1188 > 

• 

178j 

9*8»>»i 

• 1606*9 j 

H»0 

US) 

• 


150) 

8*64,« 7*6* 

1176 

• 

s 




21 
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I 

' Oase*. I 

II 

Molecular 

volumes. 

Ill • * 

Minimum ionising 
, ' pot.' (volts) 

'iv' 

Kxb 

NH, 

165 

7*3 

1188 

CH. 

101 ) 

6-54 • ) 

1242 ) 

« 

162?) 

9-48“?? > 

1526 i 

NO 

128 

‘0*38' ' 

1200*6 

Pf (vapour) 

... 

5-89» 

1 

8, (vapour) 

264 (Cal.) 

4-8® 

1270 

SO, 

247 

5*35® 

1259 

CO? 

191 

6-47,® 7-2* 

1236 

N,0 

198 

6*26‘® - 

1219 

cs. 

848? 

3-57® 

1243 


f Molecular VolumeB : Pease, J. Amer. Chem. Soo., 1921, 13, 991« , 

t Molecular Volumes of He, N| CH«, HCl, SO., CS, ; Kaye and Laby*i| 
Tables, " 

^ ** Origin of Spectra/* Foote and Mobler, £dn. 1922 pp. 68, 74.77*^ 

» Dejardin. Ann. Physik, 1924, 2 (X), 241. 

’ Hertz and Kloppera, Zeit^ Phy&kt 1925, 31, 463. 

* Franek and Hertz, Detit. Phys, <Ses., 1913, (Jan. 30), p. 34* ' 

^ Horton and Davis, Phih Mfig,, 1921, 11, 921. 

^ Compton, loc, cit., p. 415, - 

* Brandt, Zeit 1921, 8, 32;. Origin of Spectra," p. 190. 

* liockrow, Astraphys. J.. 1926, 83, 205. 

* Franck-Jordan, "Quantum Sprungen,’* p. 286. 

Calculated by Compton's fonnula .using K from Kaye and Daby’a Tables ^ 
p.<84. 

Hughes and Dixon, Phys. Review ^ 1917, 10, 495. 

* These values for minimum iopising potentials as calculated by Compton (loo, 
cit.) appear to be too low. It may be noted that these valuea m^y be obtained as 
exact differences between first excipation potentials recorded by Dejardin snd 
Hertz and the third infiection points noted by Dejardin for {bese respectjjye gases 
at 19i *5 ; 15’5 + *2 ; 13 + *5 (loc. cit.). 

N. B. Excepting for He these., values seem to be one and half times greater 
than the corresponding values calculated by Compton. Thus the products Y nb 
(col. rV) as noted against these values are also found gream-, ( 




’significance of MtN^lMCM.tONiSlNO POTENTIALS 

' Anilf$i»-of Molecular V.oldmee with :r,eg,ard to the -Btr^txdA. .oS’ 
Atome. i 

{<M^egoing results can be shown to be quite in aecordonce- 
with the structure of elements and compounds as suggested by 
liSagmuir [J. Amer. Chem. 8oe», 1919, il, 868, 1543). Elements 
and compounds haying the Aame number and arrangements of 
diecfarons in the outer layer but differing only in the magnitude and 
distribution of nuclear charges have been called by Langmuir as -.‘Iso* 
Stei^es.’ In this sense and also' in similarity of physical properties- 

N, and CO, NaO and GO« ate found isO-steric on analysis of theii* 

minimum ionising potentials. ' < 

KO having eleven sheath electrons, Langmuir suggests that the 
structure is the same as thut> given for nitrogen molecule, the extra 
electron being imprisoned in the “octet comprising the shell.” N,, 

O, , Fa have got similar structures— that of a double neon and there* 
fore their minimum ionising potentials also seem to be halves that of 
qeon. Thus though the critical constants of F« arc unknown, it seems 
probable to allot for it a co- volume term (5) very nearly 129. Pease 
(loc. cH.) has calculated the . molecular volume of nuclear carbon 
atom of ethane, with which elementary FI, is iso-steric, to be 
about 118. Similarly P,, S,, Cl, should have the same srtucture as 
of a double argon with half the niinimum potential values of it. 
Value for P, seems to be very high. Co-volume term for sulphur is 
calculated to be 2C4 which seems to be justifiable on the basis of the 
known molecular volumes of Cl, and thus of double argon atom. The 
computed values of F, and sulphur can also be checked thus ; on the 
knowledge of the structures of neon and argon or neon-like and 
argon-like elements it is expected that double the difference between 
the molecular volumes qf F, and neon should equal to that of Cl, and 
A. Similarly double the difference in molecular volume of oxygen 
and neon should equal that of sulphur and argon. 

Again, elementary sulphur and sulphur dioxide having the same 
number of disposable electrons seem to be iso-steric, and hhve 
approximately the same molecular volume and consequently the 
sanfe structures. The arrangement of sheath electrons in the cases 
of SO, and S, seems to be the same as in the oases of CO and N, ; 
only with this difference that in the former oases thefe is one neon 
structure in excess, thus — . 


hiio+ bae— 
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This soiiMsidsiiiM Isnds suppcMi to the view ei Pesse (foe, oU.) 
that instead of GO and N« having ooadensed stnietore aa iMilgmair 
believed they may have a more general aoetylenio straotore t.e.* 
2 octets sharing three pairs of electrons, as is common to these 
cases. It must not be forgotten however that sulphur dioxide is 
a polur molecule whereas sulphur is non-pdar. Yet their contri* 
butions to change the mdecuUur volume or minimum ionimng 
potentials appear very small. Bxaetly in the same way carbon 
disulphide has the same number of sheath eleotnms as COg and N«0, 
and it may be reasonable to attribute the same outer structure to CS« 
and as GOg and NgO have, with this modification that there should 
be two complete neon structures in the interior of carbon disulphide. 
Thus— 


hcS|~2t2fg +hvoi 

HCl, HgO, NHg, CHg have agaun the same number of disposable 
electrons whereas the number of atoms to act as nuclei are 2, 8, 4 
and 5 respectively. Without distinguishing, in any very principal 
part, polar structures of HGl, HgO and KHg from non«polar CHg it 
may be mentioned that sheath electrons are arranged in the same 
way or that 

is a constant, for one atom of hydrogen being in excess in each case. 


Attempt to a Theoretical Interpretation. 

On the assumption that electron is rigidly connected to central 
charge, the orbital energy of rotation of the electron becomes f I «• 
where 1 is the moment of inertia and u the angular velocity 
of rotation of the electron (Bichardson, “Electron Theory of 
Matter,” Edn. 1916, p. 368). It is admitted that the energy 
necessary to remove an electron from an atom is equal to “its own 
kinetic energy” and that tho energy corresponding to minimum 
ionising or resonance potential must necessarily be proporrionol 
to it. Thus th/^n 

/c0*och V, 

oce. Vr (Einstein's Law.) 
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T|m oentriiugftl force of the revolving electron which is propor* 
tUnuA *t() #*/f2 (where » is the linear velocity of the electron moviiig 
in an orbit of radius R) must be balanced by the electrostatic attract 
tiim between electron and the oentrid churge in the stable orbit. 

As for all gaseous media K is very nearly equal to unity, 

V, becomes proportional to 1/v or Vr oe ifv • 

Conclution. 

From the results of column (IV) it appears that vkv'K—I 
is in contrast to Landolt’s equation stating '/fe— 1/d is constant, or 
to Lorentz, Mosotti equation K—l/(K+2)d is constant. The present 
equation also shows that V,/diB constant, which states therefore that 
the specific work required to displace an electron measured by the 
minimum ionising potentials or more properly the specific minimum 
ionising potentials for different gases may be calculated which 
should have the same significance as Lorentz equation. 

My thanks are due to Prof. 8. 8. Bhatnagar, Director of the 
Univeteity Chemical Laboratory, Punjab, for his kind encourage- 
ment. • 


Phtbics Labobatorv, 

D. A. T. OOLLSOK, Lahorb. 


deceived June 8 , 1926 . 




Adiorption of Acids by Gocoannt Charcoal' 
and Aectylene Carbon. 

By D. Namasivayah. 

Ezpcrimenit with Cocoanut Charcoal. 

These experiments were performed during 1922-28, but owing to 
certain interruption it was not possible to put together the results 
immediately then. 

There are not any results known to me with reference to the 
adsorption of acids by cocoanut charcoal covering the same field’ as 
tjie investigation communicated in this paper. Some of the experi^' 
ments on adsorption by cocoanut charcoal were made using the* 
charcoal prepared from the inside kemal and not from the 
outside shell. Firth (.7. Chcm. Soc., 1021, 119, 926) ihhissttidy 
of adsorption of ammonia by cocoanut charcoal used the cocoani^ 
shell for preparing the adsorbent. Driver and Firth (J. Chem. 
8oe., 1022. 121 , 2400) in their study of adsorption of saturated 
vapours by charcoal used cocoanut charcoal prepared ht>m both 
the shell and the fruit. But these and other investigators, I 
have come across, did not deal with acids in solution. Bi' tby 
experiments I have used the charcoal prepared from the outside ^ell 
of cocoanut and dealt with organic and inorganic acids in aqueous 
solution. 

The experiments here described were undertaken to study the 
behaviour of cocoanut charcoal prepared from the outside shell of 
cocoanuts. It was also the intention to see if any general relation 
existed between the chemical constitution or the physical c(xisiiA€s 
of the acids and the degree of adsorbability by a given adwrbent.- 
Since the completion of the experiments described below? I* hswci 
come across a paper by Fromageot and • Wurmser XOompti ■ rettd,,' 
1924, an, 972) who have investigated the relation between tho degree 
of adsorption and the ionisation constant ' as well as the humhef bt 
carboxyl groups of an acid. Though they did not use ooobanut 
cfaiwooal, I ^nd it interesting to give below, in the pourse of 
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diaousaton of my Msulte. a summary of their obserrationa and lliow 
how thay oompare with mine. 

PnparaHimof OoeooMtt Ohoroool.— >The ooeoaaui sheila used 
were those of ordinary kind obtainable in Madras. After removal 
of raspt the shells were broken into small pieces. The broken pieces 
were charred well-covered with sand in an iron tray over a ring- 
burner. It took 8 to 4 hoprs to char all the pieces thoroughly. Out 
of every 100 gms. of original shell pieces, 80 to 40 gms. of charred 
shell pieces were obtmed. They were powdered coarsely at first and 
finely afterwards. The powder was sieved through a fine mesh 
(90 to 100 meshes per inch), dried for 12 hrs. in an air-oven at 150** 
and cooled in a desiccator before use. The density of the powder 
was found to be 1*45 gms. per c. c. The ash in the charcoal was 
found to be 1*18 per cent. The extraction of the charcoal with 
concentrated hydrochloric acid reduced the ash to 0*68 per cent. 

Preliminary Experimente . — ^Experiments were undertaken to 
determine the effect of time of shaking on the rate of adsorption, 
and it was found that the amount of oxalic acid adsorbed by 
Gocoanut charcoal increased with increased periods of continuous 
shaking at first rapidly and then slowly. It was further found that 
in practice letting the solution stand with the charcoal for 5 to 7 days 
with occasional shaking, say 3 or 4 times a day, gave satisfactory 
equilibrium concentration. In the following experiments the solution 
was allowed to stand in well-stoppered bottles for a week in contact 
with the charcoal with occasional shaking in room temperature 
(27*-TO®). 

Experimenial DetaUe. The purest specimens of acids available 
in the laboratory were used in each case. The solutions of required 
concentrations were prepared (five dilutions from about 0*20 molar 
to 0*05 molar) and put in stoppered bottles. In similar bottles 
weighed amounts (about 1 gm.) of charcoal were introduced, and 
then 50 c.c. of each of the soihtions were added, and allowed to 
stand for a week with occasional shaking. The original solutions 
also were allowed to stand in the stoppered bottles for the same 
period. Afterwards both the original solution and the solution added 
to the charcoal Were titrated carefully using standard dilute baryfa 
solution. For«tiiaration measured quantities of the clear iplution 
over the charcoal layer were taken with a graduated pipette. 

Experimental Reeult. From the experimental results so obtained 
^ ealpulated the values of the equilibrium moliOr concentration, of 
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the* eohitioa after adsorption and of the number of millimoles of 
solute adsorbed per gram of charcoal. > The results were plotted 
and graphs drawn (Figs. 1 & 2). The graphs show that, within 
the dilutions studied, the adsorption of most of the acids examined 
follow the adsorption equation, 

mss a , 

where tn is the number of millimoles of solute adsorbed per 

gram of charcoal ; 

C is the equilibrium molar concentration of solution 
after adsorption ; 

and a and k are constants. 

I calculated the mean values of a and k for the cases examined. 
I have tabulated the values of C, m, a and k obtained (Table I). 


Table I. 

Cocoanut Charcoal. 


Serial 

No. 

Name of acid* 

Expt. 

No. 

C 

m 

a 

h 

1. • 

Formic acid 

1 

0-2727 

0*758 





2 

0-2020 

0*686 





8 

0-1592 

6-674 

1-16 

2.88 



4 

0.0913 

0*489 





5 

0-0499 

0-479 



11. 

Acetic acid 

1 

0-2281 

0*845 





2 

0*2000 

0*805 





3 

0-13J0 

0-699 

1-38 

2.96 



4 

0-1174 

0*656 





6 

0-0575 

0*526 



ra.' 

Propionic acid 

1 

0-2196 

0-886 



• 


2 

0-1617 

0-808 





3 

0-1261 

0-760 

1*48 

2.94 



4 

0-0639 

0-628 





3 

0-0884 

s 

({*494 




22 
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SeiiiJ 

No. 

Name ct acid. 

Bxpt. 

N<v 

C 

HI 

a 

k 

IV. 

Butyric acid 

1 

0*2079 

0*984 





2 

0*1308 

0-981 





3 

0*1180 

0-851 

1*72 

2.90 



4 

0-0776 

0*786 





5 

0-0870 

0-603 



V. 

Valeric acid 

1 

0*1976 

0-758 





2 

0*1519 

0*633 





3 

0*1099 

0*576 

1*15 

2-81 



4 

0*0702 

0-483 





5 

0-0859 

0-372 



VI. 

Moco-ehloracetic 

1 

0-1998 

0*931 




acid 

2 

0*1477 

0*881 





3 

0*1046 

0*855 

1-58 

3-22 



4 

0-0693 

0*701 





5 

0*0886 

0*584 



vn . 

Dichlor acetic 

1 

0*2204 

0-819 




acid 

2 

0*1690 

0-743 





3 

0-1277 

0-665 

1*51 

2-54 



4 

0-0920 

0-603 





5 

0-0458 

0*454 



vni . 

Tricbloracetic 

1 

0*1897 

0*366 . 




acid 

2 

0-1478 

0*386 





3 < 

0-1101 

0*306 ^ 

0*68 

2*77 



4 

0-0719 

0-242 





5 

0*0344 

0-236 



IX. 

Mooo-brom^ 

1 

0*$ M )60 

1*077 




acetic acid 

2 

0-1092 

0*900 


: 



3 

0-1016 

0*668 

1*85 

8*00 



4 

0-0692 

0*761 





5 

0*0886 

0*609 
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* Nftme of odd. 

Expl. 

No. 


m 

a 

k 

X. XHbrom-aoetio 

1 

0*2906 

1*800 



odd 

2 

0*2327 

1*078 




3 

0*1834 

1*116 

2*82 

2*06 


4 

0*1101 

0*769 




5 

0*0367 

0*690 



XI. Hydrojcy-ooetio 

1 

0*2362 

0*364 



add 

2 

0*1869 

0*374 




3 

0*1383 

0*289 

0*47 

5*14 


4 

0*0933 

0*311 




5 

0*0614 

0*285 



Xn. Dimelbyl-aoetic 

1 

0*2189 

0*774 



acid 

2 

0*1780 

0*764 




3 

0*1313 

0*666 

1*19 

3*42 


4 

0*0948 

0*600 




5 

0*0418 

0*478 



• 

Xin. f*o-Propyl-acetic 

1 

0*1694 

0*666 



acid 

2 

0*1394 

0*601 




3 

0*1191 

0*478 

1*07 

2*83 


4 

0*1003 

0*496 




5 

0*0630 

0*367 



XIV. Oxalic acid 

1 

0*1869 

0*606 




2 

0*1626 

0*474 




3 

0*llj)2 

0*440 

0*79 

3*70 


4 

0*0703 

0*899 


• 


5 

0*0307 

0*306 



XV/ Hydrochloric acid 

1 

2 

0*2486 

0*1717 

0*863 

0*864 




3 

0*1078 

0*306 

0*38 

19*1 


4 

0*0772 

0*310 




6 

0*0328 

0*311 
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Nams et add. 

Ezpta 

No. 

c 

m 


£VI. Hydtobtomie acid 

1 

0*2564 

0*328 



2 

0*1286 

0*301 



8 

0*1495 

0*278 

0*89 7*12 

a 

4 

0*1049 

0*270 



5 

0*0463 

0*248 


XVn. l^itric acid 

1 

0*2246 

0»327 



2 

0*1809 

0*‘268 



3 

0*1339 

0*272 

0*36 6*69 


4 

( W840 

0*273 



5 

0*0407 

0*288 


XVIII. Sulphuric acid 

1 

0*2331 

0*112 



2 

0*1667 

0*115 



3 

0*1169 

0*113 

0*12 23*8 


4 

0*0720 

0*109 



6 

0*0351 

0*101 


XIX. Phoaphoric acid 

1 

0*2389 

0*291 



2 

f 

0*1002 

0*245 



3 

0*1462 

0*202 

2*40 0*71 


4 

0*0987 

0*089 


- 

5 

0*0538 

0*042 


Discussion of Results, 

—•The results were examined to see if there 


is any well-marked relation between the ohemioal oonatitution or 
the physical constants of acids and their degree qf adsorbility or , the 
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Vfl^ttec\,of a aad k with reference to the adsorbent used, n^eiy, 
OQOoaiiul dharoosl. The following points are worth noting in 
connection. The adsorption isotherms of mineral acids approximate 
more towards straight lines than those of organic acids within the 
range pf concentrations studied. The values of k for formic acid 
and its homoiogues are nearly equal. The value of k is greater 
generally for strong mineral acids than for weak organic acids {cf. 
hydrochloric with acetic acid). In the series from formic to butyric 
acid the values of a increase, while for valeric acid the value of a 
is smaller than that for butyric acid. Substitutions in the acids 
affect both a and k (cf. the substituted acetic acids), ft being 
more susceptible than k. liepeatecl halogenation seems at first to 
enhance and then to diminish the values of both a and k of acetic 
acid. Chlorine, bromine and hydroxyl substitutions have different 
effects on the degree of adsorption of acetic acid. While the values 
of a lor nitric, hydrochloric and hydrobromic acid are practically the 
same, the value of a for sulphuric acid is much less and that for 
phosphoric acid is much more. Phosphoric acid, though a weak 
acid, is not adsorbed to a greater extent than the strong mineral 
acids. The degree of adsorption of organic acids is generally greater 
than that of mineral acids. The adsorbabiiity increases from formic 
to butyric acid but decreases from butyric to valeric acid. Increase 
in the humber of carboxyl groups lowers the adsorption of the acid 
{cf. acetic, and oxalic acid). There seems to be no general relation 
between the ionisation constants or the molecular structure of acids 
and the degree of adsorbabiiity or the values of u and k of those 
acids. 

Fromageot and Wurmser {loc. cit.) have found that there is no 
simple relation between the degree of adsorption of different acids 
and their electrolytic dissociation constants. With this observation 
’ my results agree. They also found that the adsorbabiiity increased 
with the numbqr of carboxyl groups by^ comparison of acetic, succi- 
nic, oxalic and mric acid. My results regarding acetic and oxalic 
acid* with cocoanut charcoal and with acetylene cafbon 
show a contrary effect in the former case but a similar effect in the 
latter (see below). I have not used succinic and citric acid in my 
ekperiments. They have further found that salts %ave a smaller 
degre#of adsorption than that of the corresponding *acid8. I have 
not dealt with salts at all in my investigations so as to be able to 
make such comparison. 
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Experiments with Acetylene Carbon. 

Experimental DetaUs.-^WhsiXi these experiments were being 
conducted I it was thought desirable to try some other adsorbent ; 
and acetylene carbon was tried at the suggestion of Prof. W. Er lam 
Smith. The acetylene carbon used was prepared by cooling a smcdty 
acetylene flame (Fig. 8). 



The carbon so obtained was collected, powdered and dried for 
12 hrs. in an air-oven at 150°. It was found to contain 2*82 per 
cent. ash. The aqueous extract of the carbon was neutral to litnras. 
The adsorptidh of acetic and oxalic acid was tried with the <help of 
this carbon and it was found that the concentrations of the solutions 
increased on being allowed to stand in contact with acetylene carbon 
(Table H). 



Nftme of aeid. 
Ozftlic odd 


Acetic ecid 
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Tabus 11. 


Acetylene Carbon. 


Ezpte No . 

C 

tn 

1 

0*480 

— 0-48 

2 

0-217 

— 0-84 

8 

0-107 

— 0*47 

4 

0-026 

— 0-40 

5 

0-023 

— 0-68 

• 

1 

1-260 

— 1*10 

2 

0-292 

— 1-11 

8 

0-262 

— 1*23 

4 

0-226 

—110 

5 

0-181 

— 1-09 

6 

0*126 

— 1-20 

7 

0-111 

— 1-20 

8 

0*096 

— 1-92 

9 

0-086 

- 2-30 


Diectieeion of Reeulia. — seems probable that more water was 
adsorbed by acetylene carbon than the acid adsorbed by it. The 
amount of the solute adsorbed is less, the more dilute the solution. 

Pickless iCkem. Newa, 1920, 121, 49) found in the case of wood 
charcoal and acetic acid solution that the ratio of 

^chsTcoal ' ’ ^ varied from +l*76to+2*6 

depending upon the concentration of the solution. I find that (1) 
,in the case of acetylene carbon and acetic acid solution, the ratio 
m/(7 = — Ito — 25, and (2) in the case of cocoanut charcoal and 
acetic acid solutiSH, the ratio m/C~ + 4*to +10. Pickles {J. Chem. 
Soc.,, 1921, 119, 1278) found that alkali halides were negatively 
adsorbed by wood charcoal. 

• Summary. 

• (1) EiXperiments were conducted in order to see if there is 
simple felation between the degree of adsorption of ^ids and 
chemical constitution or the physical constants of those acids, 
these experiments cocoanut shell charcoal was used as 
adsorbent. 


fpfl 
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(2) It was found that there was no direct relation between the 
degree of adsorption and the oonduotivity constants or the molecular 
structure of the acids examined. 

(8) For the range of dilution studied (about 0’20 to 0*05 molar) 
the adsorption was in close agreement in most cases with the adsorp* 

li/k 

tion equation, ms=C . For practical purposes m and C give 
respectively the concentrations of the solute in charcoal and in 
water in moles per kilogram. The adsorption isotherms of mineral 
acids approximate more towards straight lines than those of organic 
acids. 

(4) It was found that the values of k for formic acid and its 
homologues were practically the same. 

(5) The values of k were found to be greater for strong mineral 
acids than for weak organic and inorganic acids. 

(6) The values of a were found first to increi^e and then to 
decrease in the series from formic to valeric acid. 

(7) The values of a were found to be approximately the same 
for hydrochloric, hydrobromic and nitric acid. 

(8) The nature and number of substitutions in an acid affect 
both a and k, a being affected to a greater extent than k. 

(9) There seems to be no quantitative relation, however, 
between a or k and the ionisation constants or the molecular dispo- 
sition of the acids. 

(10) Increase in the number of carboxyl groups tends to lower 
the degree of adsorption in the case of cocoanut charcoal. 

(11) Among the acids examined, sulphuric acid is least adsorbed. 
This may be so because of its great affinity for water. 

(12) While the adsorption is positive in the case of cocoanut 
charcoal, the adsorption is negative in the case of acetylene carbon. 
That is. in the former case the solute is preferentially adsorbed, 
while in the latter case the fw)lvent is preferentially adsorbed. 

It seems desirable to pursue these experiments further especially 
with acetylene carbon, which would have been done already but for 
the unfortunate interruption referred to above. I hope to publish 
soon another paper on the adsorption of acetylene carbon. 

I wish to thmik Prof. W. Erlam Smith for the kind encourl^ge- 
ment he always accorded to me. ** 

CbEUICAX, IrtBOSATOBY, 

PassioBMoy CouJBoE, HsMiVed /une 85, 1896. 

Madbas , 



Adfoiption by Polar Preoipitatefl. Part lY. 
Fnrthar Ezperimeiits with Silver Salts. 


By, JNAVBHSSA Nayb Mukhebjbb, Jyoti Eahta Basu AS1> 
ASOKB MxnCHBBJEK. 


Tbe present work was undertaken in order to obtain further dabn 
on adsorption of ions by insoluble polar precipitates with a view 
to elucidate the nature of the process. It has been shown by 
Mukherjee and Boy (this Journal, 1024, 1, 178), and by Mukherjee and 
Kundu (this Journal, 1926, 3. 885), that though the order of adsorb- 
ability of different ions by such precipitates on the whole runs 
parallel to the order of increasing solubilities of the salts composed 
of the ion in question and the oppositely charged ion in the precipi- 
tate, there are striking exceptions. They also mention that in 
general there is a strong adsorption of tbe constituent ions but here 
there are exceptions. The above authors base their conclusions 
on electro-osmotic experiments which, they hold, give a better idea 
of the 'relative adsorption of the ions of the electrolyte by the 


surface. Analytic^ measuirements, on the other hand, pve the total 
adsorption in the surface layer. Beekley and Taylor (J. Phy$. 
Chem., 1925, 39. 948), from analytical measurements of adsorption 
of silver salts by silver iodide, later came to the same conclusion as 
that of Mukherjeo and Boy regarding exceptions to the above 
mentioned parallelism between solubility and adsorbability. The 
conclusions drawn from valuations in electrical chairges of such 


* particles have a direct bearing on many analytical and related 
problems in chemistry. Hahn, Brbaqher and Feichtinger (Bar., 
1926, 99 , 2014), in a very important paper, have recently shown the 
existence of a relationship between the adsorption ot a radio- 
element by a polar precipitate and the electrical charge of the 
surface. Their work fully confirms the contention of Mukherjee 
(Aa. Mag., 1928, M, 821 ; cf. also Mukherjee and Boy, loo. erf.) 
that tlM precipitation rule of Paneth (Phy. Zeii., 19f4, 19,^924) is 
inoomplete in so far as it does not take into consideration sm* types 
of adsorpteonofions as would lead to a change m theohatgeof 


89 * 
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tile surface. and oo-wodkera (^tioally WEanaine tiie cAwewa'* 

tiona of previous worlcera and their reoent meaaureineiita and show 
tiiat the well-known generalisations of Fajana and Paneth 
regarding the carrying down of radio-elements by precipitates, 
which have been of so great a service to rjMlio-lilisa^ require 
to be modtOed and titered so as to inclu^ the hdiowing new 
generalisation : — 

Bin Element wird aus beliebig grosser Verdflnnuag an einem 
Niedersohlage (Adsorbens) daun adsorbiert, wenn dem Niedersohlage 
eine dea ladung des zu adsorbierenden Elementes entgegengestiste 
Oberflftohen — ^Ladung erteilt worden und die adsarbieorte Varbindung 
in dem vorliegenden Ldsungsmittel stiiwer lOtiich isA*' Hahn 
points out that the above generalisaticm is in full agreement with tiie 
work of Mukherjee (J. Indian Cham. Boo., 1925. 191), aaad of 

Miohaelis and Dokan (KoU. Zeif., 1925, 87, 67). 

In the present pi^er we have used three insoluble silver salts, 
namely, the chloride, bromide and iodide as adsmbent and sohitioas 
of silver and of sodium salts. The experiments with silver salts 
entitle us to oompare our results with those from the analytical 
measurements of Taylor and Betidey. Such a comparison has a 
good deal of theoretical interest and is likely to throw light on the 
nature of the adsorption of ions. ^ 

Experimbktal. 

Three apparatus were set up for tiie three di^hragms. The 
arruigement described in previous papers (loc. eit.) was used. Every 
experiment was carried out under exactly similar conditions. 


Preparation of the insoluble silver salts, 

(i) Silver Iodide . — ^The pfooedure described by ,^bekley and Taylor 
(loc. ctf.) has been rigidly followed. 

(ii) Silver Bromide . — As with the iodide. Washing was continued 
till the precipitate, on being kept in contact with conductivity, water 
for a week, did not change the pa to any appreciable extent, ^e 
particles ware fairly big in size and had well defined c^stiiilifie 
structure. The salt, however, was not insensitive to Int end so 
.all the experiments were cmried out in presence of light fmn a huhp 
yrith a riiby glass shield. 



* 

t _ 

^SS) t ^ te r €M&rify.-^T>eeiaMnMi soltatkMas of pozo reelyotatifihted 
prtWBBium ciliBridii and siiTer iritrsle wora ptvpmtei and mixed ftt 
dasdmem aud allowed to settle lor 48 hours, fifty c. o. of a tmi pet 
eeirt'. oefittlioii of anmaonui were subeequeutly added to tibe eelkddal 
mistare winn tiio whole at the direr salt at onoe eame down: as 
heavy big particles ; washing was continued as above. 

Three preparations of the iodide and two of the bromide did not 
show «iy change in the rate of movement of the bubble using 
conductivity water. This shows that these samples are reproducible 
so far as the rate of the movement is concerned (of, Idulcherjee 
and Kundu (loc. oif.) who found a difference). 

Preparation of the Electrolytes. 

(i) BUver Nitrate. — ^Merck’s Reagent quality was recrystallised 
from conductivity water. 

, (ii) Silver Nitrite. — precipitated from pure recry tallised silver 
nitrate and sodium nitrite was washed free from the nitrate with 
water. It was next washed with absolute alcohol followed by ether. 
The latter was carefully evaporated and the sample was kept in an 
amber coloured vacuum desiccator. The whole operation was 
carried out in a dark room in presence of dim ruby lamp. 

(UQ Silver Acetate. — ^precipitated from concentrated solutions of 
the respective reorystallised salts. The precipitate was redissolved 
in wann water, remrystallised and dried in an amber coloured vacuum 
desiccator. 

(iv & v) Silver Bromate and Benzoate. — As above. 

(vi-x) Sodium salts of arsenious, hydrobromic, sulphocyanio, 
acetic and salicylic acids were prepared by recrystallising Merck’s 
* ' reagent ’ samples. 

Diaphragm. 

Tha charge measurements were carried out at four differ^t 
diluttona for each eleotrcdyte, the concentration ^being N/1000, 
N/6000, N/10,000 and N/a0,000. About 6 g. of the adsorbent 
materiSl was washed several times with the solution in question and 
allowed to remain for 24 hours in a Jena glass stoppered bottle and 
transferred to the U-tube, and left undisturbed for 2 hours. The 
U4iube was dipped in a o<matant i^peratu^ bath, Four direct 



4@2 J. N. MU££raiatiE, J. ]£. BASlI AK1> A. IfOSfiEBJEB 

c 

and lour reverse readings <lor three ininutes each) were taken. The 
mean ol these are tabulated. The results are reproducible within 
4 per cent. 

The measurenients of the ohat^ in the case of bromide and 
chloride were carried out in a dark room with no light other thra 
Uiat of a photographic ruby lamp. 


Resulta. 
Tablb I. 
Silver Iodide. 


Cone. 

AgNO, 

AgNO, 

Ag Aoet. 

AgBrO, 

Ag Bensonta. 

N/0-0 

— a-6 

— 2-5 

—2-5 

—2-6 

-2*6 

N/20,000 

7-2 

7-1 

7*2 

6*0 

6-0 

N/10.000 

10-2 

6-7 

8*85 

7-76 

7-8 

N/6.000 

12-8 

9-4 

9*8 

10*2 

8*9 

NA.OOO 

18-6 

10-9 

12*1 

18-2 

9*7 



Table II. 


■ 

Cone. 

SUver Bromide. 



N/0-0 

—3-1 

—81 

--8*1 

—8-1 

—8-1 

N/20.000 

8-0 

7-6 

8*5 

7-4 

7-6 

NAO.OOO 

10-1 

8*2 

8*4 (7) 

8*0 

8*0 

N/6.000 

12*6 

10*1 

10-6 

10*76 

10-0 

N/1,000 

14-7 

no 

14*65 

14-0 

10-1 



Table III. 





Silver Iodide. 

•r 



Cons. 

Na 

Argenite. 

NaBr« 


Nn Salicylate. 

N/0-0 

— 2-6 

—2-6 

—2-6 

—2*6 

—2*6 

N/20 000 

n —4-2 

—6-0 

—12-8 

—7*6 

— 8*o’ 

N/10,000 

— 6*0 

,-6-6 

—18-8 

■^*1 

—10*0 

N/6.000 

—7-8 

—6*6 

—20-0 

— ll-,6 

-12*8 

N/i.000 

— 16-8 

—7-2 

—21-9 

—16*0 

•-^*4 


(?) 0*4 ptcibably. 
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Tablb IV. 

- 



SUver Bromide. 



OOBO. 

Na Areenite 

NaBr 

NaSON 

AoeUte 

NaSaliayUtte 

N/0*0 

—8*1 

—8*1 

—8*1 

—8*1 

—8*1 

N/90.000 

—4*0 

—4*2 

—18*0 

—4-2 

—8*0 

N/1(^000 

—7*8 

—4*8 

• —19-2 

—7-6 

—8*8 

N/6.000 

—2-8 

60 

—21*4 

—9*6 

—11*0 

N /].,006 

—17*4 

—9*7 

—26*6 

—16-8 

. —17*0 


Cone. 

« 

N/0*0 

Tabus V. 

Silver Chloride. 

— 4« 

—4-8 

—4*8 

N/90.000 

—12*4 

—51 

—6*7 

N/10.000 

—18*25 

—7*2 

—8*8 

N/6,000 

— 28*9 

— 9-46 

—11*8 

N/1.000 

—27*3 

—18-9 

—16*2 


For puxpoMs of oompaiiaon we give below the solablitiee of silver salts. 

Tabia VI. 

Solubility of Silver Salte. 

Thiooyanate. aBiomide. Azsraite. SaUonflato. 

SolnbOityin ao°C ao°C 91^ IS’^ 

millimolB per g. H*0 0*00000008* O'OOOOOOA* O’OOOOS* 0’90e9» 

Bromate. Betueoato. Nitrite. Acetate. Nitrate 

e 

8irtabiU& in 9(fO 96*C 26*0 B0*O 20% 

millimols per g. H«0 0-006* O'Olltf 0*02691 0’06« 4* 

* lianMt and Bomstein’s Tobies. 

Beekley and Taylor (/. JPftgs. Cbem., I096t 22, 048^. 
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Dttoussidn. 

Gonsiderixig the adsorption of ions from the silver solutions we 
find' us ea(A oaee a rise in the positive- charge, tibe originally negative 
charge ef the precipitate becoming positive. The strong adsoiptien 
of silver ions observed previously is thus confirmed. As a result of 
the anion adsorption, the charges will be different. The adsorption 
of the aiuons is directly comparable as they are all univalent. The 
relative order of the adsmption of the anions remain the same 
throughout the range of concentration studied with the exception 
of the bromate and is the same for both the iodide and the 
bromide as adsorbents namely : benzoate > nitrite > acetate > nitrate. 
The bromate comes near the acetate at the higher concentre* 
tions thotigh it shows greater relative adsorption at the lower 
concentrations. Its adsorption is tlnoughout less than that of 
the benzoate ion. The order of increasing solubilities is 
bromate > benzoate > nitrite > acetate > nitrate. Excepting the 
bromate the two series are identical showing that the intensity 
of adsorption is related to solubility. Beekley and Taylor woorkuag 
with silver iodide as adsorbent find a different order of adsorbabi* 
lities : benzoate > acetate > nitrite > bromate > nitrate . It is possible 
that the analytical measurements of Beekley and Taylor do not give 
a correct idea of the relative adsorption of ions. In the present 
instance we are dealing mainly with a primary adsorption of silver 
ions and comparing equivsdent concentrations of the different silver 
salts, the amounts of silver ions adsorbed per unit ares of the same 
adsorbent should be identical if we assume that the anions are not 
primarily adsorbed. The anions from silver salts are possibly 
adsorbed in two ways : (a) primary adsorption on account of the 
affinity of the atoms on the surface ; (b) ‘ electrical ' adsorption. 

The picture that we can form of the smrface layer contact with 
the solutions of the silver salts is that near each halide ion on the 
surface silver ions are primarily adsorbed, and near each silver ion 
anions are primarily adsorbed. In the case of such polar precipitates 
it is difficult to distinguish between primary and electrical adsorption 
excepting that in the case of primary adsorptions the ion is adBori>ed 
in an unhydrated state and in the electrical adsorption a layer of 
solvent molecules probably intervenes between ions of opposite charge. 
Thus ultimate distribution of the different ions on the surface; will 
be determined by the primary adsorption of the two ions as idsd by 
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4Ml.«t|lBoickMl a<b(M^on of tlie ici^> In ibe p»raeii.t ooie we 
the * lelaotoieal * Mla<M;pi)i<Mi of ihe eUTer k>wi beeeiMe 
af the nachaii potttiwe oheE^e of the aurfaoa wMch shows ‘tiftat the 
* fixed ' layer on the surface always contains an excess of silver iCMMi. 
She aaobile shee t wili. contain an. excess of tl» anions, and. 'if there 
be no exchange between anicms in the solid and those in the iJignid, 
fsom aaalytieal meastnrements we ought to find an equivalent 
adsorption aA both ions, mainly determined by the adsorption of the 
silver ions. The difierenoes in the comparatively smidler amounts 
of adsorption of the anions will therefore be masked by th^ stronger 
adsorption of the silver ions, and if we consider the difficulties of 
correctly estimating small amounts of adsorption the discrepancy 
between the order of adsorption obtained by ourselves and that of 
Beekley and Taylor may be attributed in part to these factors. From 
th^ data we notice that the difference in the adsorption of nitrite 
and acetate at the higher concentration is such as to exclude tlus 
possibility- We have observed that the nitrite and the acetate have 
nearly the same adsorb ability with the iodide as adsorbent and that 
4)he difference between their adsorption is greater when the bromide 
is the adsorbent. We would however mention that the adsorpl^m 
exper iments of Beekley and Taylor with acetate and nitrite were 
perf earned with two different samples of the precipitate possibly of 
different adsorbing capacities. 

The stronger adsorption of the silver salts found by the above 
authors and by us is in agreement with the observation of 
Mukherjee and Eundu with silver iodide that the iodine imis are 
comparatively we akly adsorbed compared to that- of the other 
constituent ion. 

With the sodium salts we again observe that the order of adsorp- 
tion of the anions is the same with the iodide, bromide and chloride 
as adsorbents. Arsenite behaves as the bromate does in the case of 
silver salts. *“^6 order of - adsorptibn of these anions is thiocya- 
nate > arsenite > salicylate > acetate > bromide. The order ol in- 
creasing solubilities is thiocyanate > bromide > arsenite > salicylate^ 
acetate. The comparatively weak adsorption of both the iodine and 
the bromine ions strengthens our conclusion regarding the weakness 
of absorption of the constituent halide ions. The adsorptions of the 
nitrate ion and the chloride ion by silver iodide precipitates are com- 
parable as appears from the work of Mukherjee and Eundu and that 
of Tayknr and Beekley. 
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U wsupfMgtlie nlattve •dfOiptio& of \h» anient taUnf 
ailTer aoetoto and aodium aoetate ta iha baaia of oompariaen 
wa aitiTo at tha following order of daeraaaing adaorption of 
aniona: — 

Thiooyaiiata> araanite (?) > aalioylata (?) > ben8oata>nitoita> 
aoetoba> bromate (?) > &itrate> bromide (?), wheraaa the order 
of inoraaaing solubilities is thiocyanate > bromide > araanite > aali- 
cylate>bromate> benaoate> nitrite > acetate > nitrate. 

Summary and Conclusion. 

(1) The chloride, bromide and iodide of silver have negative 
ohaiges in contact with water. 

(2) The charge is reversed at a low dilution of silver salts. 

(8) The order of adsorption of anions in silver salts by electro* 
osmotic method is benzoate > nitrite > acetate > nitrate. 

Ezeepting the bromate this order is identical with the order of 
increasing solubility. 

This order differs from the order of adsorption of these salts by 
silver iodide observed by Beekley and Taylor with req>eot to the 
position of acetate mid bromate ions. 

From experiment with sodium salts the following order of adsorp- 
tion of anions is obtained: thiocyanate > arsenite> salicylate> 
acetate > bromide, which is the same as the order of increasing 
solubilities; the bromide forms an exception. 


Umitcbiitt Coixbor or Scisrcb 
A so Tbcbsmoot, Causotta. 


Reeetrad, August 9, 1997. 



Ywpfiiig ValMiey of Platiniiiii with reipeet to 
Mtrcoptonle Radioles. Port VI. 

Bt PrafoIiIiA Cbandha Blv, Ksoitisb Chandra Bobb-BAy and 
Nadya Byrari Adhykary. 

nie action of bases on the complex compounds derived *frQm 
ohtoroplatinic acid and thio*com pounds (mercaptans, sulphides) 
baa not only furnished valuable informations regarding the oonsU- 
tution of the complex compounds but has helped us in proving that 
the valency of platinum is variable (Bay, /. Chem. Soe.t 1919, lift* 
872; B6y. ibid, 1922, 121 . 1288; B4y, ibid, 1923, 128 . 138; B&y and 
Bose-B&y, J. Indian Chem. 8oc., 1925, 2, 178; BAy, Guha and 
Bose^BAy, J. Indian Chem. 8oc., 1926, 8» 155 ; BAy, Guha and 
Bose-BAy. ibid. 1926, t. 358). 

The present work was undertaken with a view to throw further 
light on the interesting question of the variability of the valency of 
platinum. In this paper are described the results obtained by the 
action of ammonia and amine bases on the'complex compound. 
PtClt.(C«H«)aSa derived from chloroplatinic acid and triethylene 
t^sulphide (BAy, J. Chem. 8oc., 1922, 121, 1283). 

The results indicate that most of the complex compounds can 
be represented on the Werner model, whereas others are to be 
r^;arded as molecular compounds. Indirectly the constitution of 
the complex compound appears to be 

[{(C,H*),S;}>Pt<g ]ci 

as will be evident^fopm the following conliderations : — 

By. the action of ammonia, PtCla.(CaHa)aSa is converted into 
the well'known compound PtCla.lNH, (Carlgreen and Cleve, 
Zeit. anorg. Chem., 1, 67). This may be most conveniently repre- 
'sen^ on the Werner model aa 



TImA the ehlortne atoms in the above are ionisable haa been 
provdd by conductivity measurement {vide taiqiertmental). A 
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oompwi;^ M>>»s composition but not idsntieal in * physical 
pxopmties liaa been obtained from unmcmia and PtC^i. 3 Bl,6 by 
B6y, Chiba and Bo8e*Bfty, (this Journal, 1926, 9, 166) 

Bensylamine is fonnd to give with PtC},.(CaH«)i|Sa a com- 
pound having the composition PtOla.4 CaHtCHaK^t whMi may 
be expressed by ^ Wenier model, thU8*«> 

[bIkh:>«<nh:b3c'> 

Any Sireot proof as to the ionisability or non-ionisabUity of chlorine 
cannot be adduced as no ionising solvent could be found. This 
compound has previously been obtained from PtCl,. 2 Et^S and 
bensylamine by Ray, Guba and Bose^Ruy (J. Indian Chem. 8oc., 
1926, 8. 860). 

By the action of ethylenediamine on PtCla.(C|Hi)aSa, the 
following three compounds have been isolated : — ^ 

(0 PtCl,. 2C,H.(NH,), 

Hi) Pt.Cla. 3 C.Ha(NH,).. (C.HO.S, 
and (tit) PtCla(CaHa)a8a 

Of these (t) is a well-known compound of the Werner type and 
may be represented in the following way (c/. Jorgensen, J. pr. 
Chem., 1899, (2). 89. 4, 1949). 

I >Pt< I Joi, 

OH.-NH, Nn.-CH.-* 

The ionisability of chlorine in the above has been shown by 
precipitation with silver nitrate. 

The compound Pt,Cl,.3C,H.(NH.)..(C*H.),S, is a molfe- 
cular compound of «PtCl,. 3 0,H,(NHa), ,^.and (C,H«)aSa. 
Evidently the group (C,H.) is eliminated ^ring the reaction 
giving rise to l.:4-dithian, which then polymerises to trie'thylene 
trisulphide (Ray and Bose-Ray, J. Indian Chem. Boc,, 1926, 8, 73). 

The confound PtCl,. (0,H«),St may be expressed either as a 
molecular compound of the type AgCl.NH or on the Werner type, 
thus : ' 

[{(0,H.).S.) >«<“] 
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ao^Dg on PkCls.(OftH«),Sa piodiupes tJu»e oopipow^, 

namely. 

(i) Pt.Cl, 4C,H.N ; 

(m) PtCl,. 4C.H,N ; 
and (fif) PtCl,. 2C,H.N. 

The oompottBd (i) at the very first sight seems to be a 
molecular compound of Pt01*.2C,H,N and PtCl,. 2CsH.N. but 
the substance could not be broken fip into the component mcd^ules 
owing to its insolubility in all common solvents. 

Compound (it) may be constituted as follows {of. Kumakow. 
Zeit. anorg. Chetn., 17, 214) 

fpy ^ PyJ^'** where Py=pyridine. 

That the two chlorine atoms are ionisable has been proved by 
(i) the action of silver nitrate, and by (ii) conductivity measure- 
ments (vide experimental). The same compound has been 
obtained previously from PtCl,. 2 EttS and pyridine by Bay, 
Guha and Bose-Ray (loc. cit.). 

Compound (iti) may be represented on the Werner model thus 
(Jorgensen, J. pr. Chem., 1880, [2j, S3, 504). 

This compound is also obtained when PtCl,. 4C,H,N is heated 
to 140”. During the change 2 molecules of pyridine are eliminated 
from the nucleus and 2 chlorine atoms enter the complex. The 
transformation may be shown thus 

Thp same compound has been previously obtained by the 
• interaction of pyridine and PtCl|.2Et,8 by Ray, Quha^and Bose-R&y 
(loc. eit^. • 

Dimethylaniline is found to give PtCl,.C«H,N(CH,)« with 
Pfe01,.(C,H*).S,. This compound cannot be expressed as a 
complex compoimd of the Werner type, but may be regarded as a 



%i6 o, oj 

tat^ecoilar ooelipotmd d! PICI« nd CcH«H(CJSjp>jk ^ tl» 
type of AgfS.NHa. 

By tiie action M piperidine on Pt01s.(OaH»)sS,, BtCSia. 
SOsHa (N has been isolated. Btobably it has tiie constitution 


[ 


C.H..N 

C.H.,N 


>Pt< 


NC,H.a 

Cl 


] 


Cl 


but evidence in favour of tiie above constitution is not availid>le as 
the compound is insoluble in all the ionising solvents. 

Interaction of tripropylamine and PtGla.(CB9«)»8a leads to 
PtCIa.(C,H«)a8*. the ** thio ’* part being not replaced by the base. 
Only one atom of chlorine and the radicle (CaH*) are removed 
during the re^tion. The compound may be regmded as a molecular 
one of the type of AgCLKH, or may be constituted acomding to 
Werner, thus : — 


[ {(C,H*),S.}>Pt<g}] 

« 

Diethylamine acting on PtCla.(CaH«)a8, produces 
(f) PtCl,. 2(C,H,),NH 

and (»i) PtCl. (C,H,),NH. CH.COCH,. 

The former is a compound of the Werner typo and may be 
represented thus — 

f Et.NH. p. ^C1 -1 

L Et.NH^^^^Cl J 


One molecule of the base of the above compound is replaced by 
one molecule of acetone when it is crystallised from that solvent 
giving rise to the compound (it), which may consequently .be 
represented as 


[ 


EtaNH 

(CH,),CO 



jr 


By the action of phenylenediamine on PtCla(CaHa)a8a, the' 
compound PtaClg. 4 CaHa(NHa)a has been isolated. 

In all the above cases it will be noticed tiiat the <»i^aal com- 
pound PtCla.(CaH«)aSa is reduced by the action of the baM* in most 
cases one atmn of chlorine being eliminated. Direct proof in support 
of the view that <me of the three chlorine atoms in the molecule is 



VABXlNCi YAliB^Oi OV PIiAl^Hprii 



in compftrison with the othor two oouid not he iwMuowi 
M ^ oompound PtCI,.(C3«).S. is insoluble in most 
ionising media, laie reactions with bases, however, indireeti^ 
support the assumption. Representing the compound by 
(I) the me o h a n is m of reaction in most cases can be represented by 
the following scheme : — 



Reduction 
Cl ► 


[(C.HO.S.>Pt<g}] 

(H) 



®>Pt<^[ ] ►[ 

(in) (rv) 



(V) 

Compounds of the type (III) are found in (i) PtCl,. 2(CaH,)aNH, 
and (ii) PtCl,.(C,H,),NH.CH,GOCH,. Type (IV) is repre- 
seated by PtC1..3 C.H, ,N. whereas (i) PfcCl,.4C,H.CH,NH, ; 
(ii)PtCl,.4C,H,N. iiii) PtC!*. 4 NH, and (ic) PtCl,.2C,H«(NH,), 
are^of the type (V). 

The results obtained moreover show that in most cases the^ 
behaviour of PtCla(C,H«)«S. towards bases is very similar to that 
of PtCl,.2Eta8 or PtCia.2(PhCHa)aS (Roy Chowdhury, private 
communication) and that the parent substance is to be regarded as 
having the structure (I). 


Expbbimbntai.. 

Action of .ImmoNitt ou PtCla.(C,Ha)a8a. 

The oomiKMind was suspended icT water and ammonia was passed 
in tor id}out one hour. The solid gradually went into solution *and a 
white solid separated out which was found to be dithian. Hie liquid 
WM filtered and the filtrate evaporated to dryness in a vacuum def- 
ecator. The solid product was redissolved in a smfl quantity of water 
andipreoipitated by a little alcohol. This was filtered and found to be 
impure and was therefore rejected. To the filtrate a furtiier quantity 
alcohol waa added when a broamish .precipitate was obtiunefb 

ititioh waa well washed with alcohol and dried in a vacuum desieoator. 

• * . • 
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sitbsta&oe is vwy hygrosoopie sad did not msU; srhea lMW|bi^«i{> 
to aOO*. (Found: K 68 61; Oi, 91-71; N. 16-08; 8. absent. 
FtOl,, 4KH, requires Pt, 58-86; Cl, 81-96; N. 16-76 per eent.). 

Oonduetivity Mea»urement of PtCU.dNH*. 

0-2108 gm. of the substanoe in 100 o.c. of water ; henoe con- 
centration =M/168. Cell constantssO*U96. 

Strength of the aoln. Observed resietance. Molecular conductivity. 

M/159 66 s270 (approx). 

M/1500 488 a815 (approx). 

Thus molecular conductivity at about 1600 litres dilution (which 
may be taken to approach infinite dilution) =315, a value which is 
intermediate between the values for a ternary and a quartemary 
electrolyte. 

Action of AgNOt on PtCl,.4NH,. 

The substance was dissolved in water and precipitated by AgNO« 
in the cold. HNO, was not added as it might break up the com- 
plex. The result obtsuned, though low. is sufficiently convincing to 
indicate that both the chlorine atoms are ionisable. (Found Cl. 
(19*42. PtCt*.4NHa requires Cl, 21*26 (when both the chlorine 
atoms are ionisable) or Cl, 10*63 per cent, (when one chlorine atom is 
ionisidile). 

Action of Benzylamine . 

The compound was just covered with benssylamine and boated on 
a water-bath for about half an hour. On cooling a semi-solid mass was 
obtained. It was several times washed with ether and boiling alco- 
hol to remove dithian, benzylamine, etc., and then with little water 
followed by alcohol. The solid'mass was then orysiiplUsed from boil- 
ing chloroform as fine silky, white crystals, m.p. 195'’. (Foui|d: 
Pt, 98*2; Cl, 10-9; N, 8*21. PtCl,.4C,H»CH,NH« requires 
IW, jB*8;Cl, 10*2; N, 8 07 percent.). 

^ Action of Eihylenediamine. 

I' 

Hie compound was just covered with an aque<Mia solutkMi of 
^ ethylenediamine (about 1 per cent.) and the product was heated on 
a water-lMKth for 6-7 hours. It was then filtered and the filtrate, 

i - • t 
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on dot^ evaporation in a vaeoum desiooator, yielded a <nop of white 
orystalUne 8ubgtance» which was washed with a little water and 
aloofaol and dried. It had no m.p. (Found: Ft. 41*10; Cl. 21*15; 
N, 9*77; S. 10*15. Pt.Ol., 8 C,H*(NH,)„(C,HJ,S, re^airea 
Pt, 40*50 ; Cl, 22*10; N, 8*72; 8 . 1015 per cent.). 

The insoluble yellow portion was washed with hot water, idoohol. 
benzene and ether, and dried. (Found: Pt, 50*42; Cl, 17*96; 

8 . 17*42. PtCl,, (C,H*), 8 , requires Pt. 50*52; Cl. 18*89; 8 , 16*59 
per oent.). 

The compound was treated with an excess of ethyl^ediamine 
solution in water (1:5) and heated on a water-bath for about forty- 
five minutes. Dithian separated out during the reaction and was 
deposited on the colder part of the reacting vessel. This was then 
filtered off and the filtrate kept in a vacuum desiccator. The inso- 
luble precipitate was found to be dithian. The mother-liquor on 
spontaneous evaporation yielded a crop of white crystals which 
were collected, washed with minimum quantity of water and alcohol 
and dried. The substance did not melt when heated up to 220°. 
(Found: Pt, 50*14; Cl. 18 30; N.* 14*50. PtCl,.2C,H*(NH0, 
requires Pt, 50*51; Cl. 18-.39; N, 14*.5f) per cent.). 

This compound is mainly obtained even if a large excess of 4 
per bent, solution of ethylenediamine is used. 

Action of Silver Nitrate on PtCl,.2CaH«(NHa)«. 

The substance was dissolved in water, as in the previous case 
without using nitric acid and treated with AgNO,. The result 
obtained is low as before. (Pound: Cl, 17*60. Calc. Cl, 18*39 (whwa 
both the chlorine atoms are ionisable). 

Action of Pyridine on PtCl 5 (C,H*), 8 ,. 

The couTposnd was treated wifti an excess of pyridine and 
heated on a water-bath for about eight hours. The liquid was* then 
filtered off and the solid residue washed with hot pyridine two or 
three times. The filtrates, on evaporation, yielded transparent 
.white crystals which were washed with chloroform lo remove dithian. 
The^ttbstanoe was reciy'stallised from pyridine, washed with chloro- 
form and dried. It turned yellow above 140° but did not melt. 
(Found: Pt. 88*1; Cl. 11 7; N, 8*84. PtCl.,4C,H,N requires Pt5n 
J)8*60; Cl, 12* IQ; N, 9*62 per cent.). 
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0/ Fi!Ca«.4C.H.N. 

Cbndlttdiltoitff 

CJonorairaitioa of the eolation, M/1221 ; 

Beeiatenee found ^420 ; Cell oonataats’OBS 

9enoe. Molecular oonduotWity at 1221 litres dilutions276, f,«., 
the Substance ia a ternary electrolyte. 

ib) Preeifntation Meihod.—~ 

The aubatance was dissolved in water as in previous oases 
witlK>ut using nitric acid. The result was low. (Found : Cl, 11*24. 
Calc. Cl, 12*19 per cent.). 

The pOTtion insoluble in pyridine was sevend times extracted 
with hot chloroform. The chloroform extract on evaporation gave 
shining yellow crystals which were filtered and dried. These had no 
m. p. (Found: Ft. 46 85, 46 3; Cl. 17 01; N. 6*50. PtCl.,2C.H.K 
requires Pt, 46*00; Cl, 16*75; N, 6*60 per cent.). 

The portion insoluble in chloroform was then washed several 
times successively with warm water, alcohol, chloroform, bensene 
and idcohol, and dried. No m.p. (Found: Pt, 40*52; Cl, 26*1; 
N, 5*85; C, 24*85; H, 2*18. Pt.Cl,. 4C.H,N requires Pt, 40*8; 
Cl, 26*19; N, 6-86; C, 25*09; H. 2*09 per cent.). • 

dctton of Dimethylaniline. 

The compound was treated with an excess of dimethylaniline and 
heated on a water-bath for about an hour. The mass became 
greenish blue. It was filtered and the solid residue washed several 
times with alcohol, water, alcohol and benzene and dried. The 
product in the filtrate could not be isolated in a pure condition. 
(Found: Pt, 49*93; Cl, 18*01; N, 8*01. PtCl„ C.H.N (CH,), 
requires Pt, 50*40; Cl, 18*85; N, 8*61 percent.). 

. Action of Piperidine. 

The compound was digested with an excess of piperidine on a 
water-bath for half an hour. A semi-solid mass was obtained which, 
on treatment with excess of ether, gave a crystalline compound. 
This was filtered and washed thoroughly with ether and alcolu^ •foA 
dried in a desiccator. The substance did not melt vdien heated 
"up to 200*. (Found: Pt, 87*8; Cl, 18*51; N, 8*89. PtCl„ 80.H,,N 
requires Pt, 87*4; Cl, 18*6; N, 8*00 per cent.). ^ 
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4o<lon of TtipropifUimine, 

Tli 0 faoo^pouiid mOM digested witii ezoeee of tripiopylamiiie tin • 
weter betfa for twelve hours. A yellowidi gr een pee^ mess eras 
obtaiiked. This wee filteted< weshed with wetera elooliol* ether* 
hene^ee end ohl or o tor m. end the resulting yellow dried. 

(Found: Ft, 80-67; Cl, 1881; 8, 16*84. PtGl.(G,H«)«S, requires 
Ft, 80*58; Cl, 18*80; 8, 16*80 per cent.). 

Action of Dietkylamine. 

The ocnnpound wes refluxed with an excess of diethylamine on a 
water*betii for three hours. It was then filtered and the *soUd 
residue weshed several times with boiling alcohol, benzene and ether. 
The residue was then digested with chloroform and the chloroform 
Bolutkm on spontaneous evaporation yielded white crystals which 
were dried in a desiccator. (Found: Pt. 46*05; Cl, 17*68. PtCl,, 
2(C Ht)sNH requires Pt, 47*58; Cl. 17*14 per cent.). 

When the above substance is recrystallised from hot acetone, a 
■hieing yellow crystalline substance containing acetone is obtained. 
(Found: Pt. 50*18; Cl, 18*04; C, 21*52; H, 5*02*. PtCl*. (O.H,), 
NH. (CH,).CO requires Pt, 40*12; Cl. 17*88; C, 21*16; H, 4*85 
per cent.). 

Action of p-Phenylenediamine. 

The compound was treated with an aqueous solution of 
P'phenylmie diamine hydrochloride and heated on a water-bath. 
The violet insoluble portion was filtered, washed several times 
with water a nd alcohol and dried. The product in the filtrate could 
not be isolated in a pure state. (Found: Pt, 42*48; Cl* 11*04. 
PtCl„ 4C,H.(NH.)* requires Pt, 42*08; Cl, 11*47 percent.). 
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Reaetlo]i of Diuoniiim Salts with Hjdroxyiiiithjl«ii 
e^eloHexanones uid Cyclic /S-Dlkctones. 

By Hsmskora Kuxas Sen aitd Sisis Kuhar Qbosb» 

It wat dl>Mrved by one of us (J. Chem. Soco 1015. 107| 1847) 

that in a conjugated doable bonded system of the type 6sG<»Css 

C* R. the ethylenie linking is more reactive than the carbonyl group. 
1%us, the action of oyanacetamide on hydroxymethylene cyclohexa- 
nones was shown to proceed in the following way giving rise to 
quinoline derivatives 


H V rw K 



CH, 


Burdhan suggested, however, (Thesis for the D.8c. degree.* 
Calcutta University. 1924) that the reaction above might also be 
explained as well by assuming the presence of a keto-aldehyde phase 
in hydroxymethylene cyclohexanone in which the aldehyde group is 
naturally expected to be more reactive than the keto, thus leading to 
the formation of a quinoline derivative and not an iaoquinoline (me 
as would be the case if the keto group were more reactive. But this 
view of Burdhan's is rendered improbable by a recent work of Ben 
and Bose (J. Indian Chem. Soc., 1927, i, 51) who found that the 
reactivity of a /S^-diketone with oyaifaoetamide tends to disappear 
where the chance of enoUsation is least possible. 

As in hydroxymethylene cyclohexanone the enoUsation is at the 
formyl group, and since quinoline derivatives are aotuaUy obtained 
by condensing them with cyanacetamide, it is •not necessary to 
aoceiMt Burdhan's viow to explain tWs course oP reaction. The 
ordinary assumption that hydroxymethylene ketones are i^anently 
enolised /S-diketones, if true for open-ch^ comipounds, is. howefmrl^ 
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eonsUkmMe pxoporUoaof » lwto*«ldi4biyd6 j^Imm db^ 
h»to. 0 ad ia the latter, it proved la tiw p re— a t woatfc, lllb braiaid^ 
dteation me&od (wi aooouat of which will be r«ty riiortiy oonintii> 
nipdhed) »l 9 C poinlo iiQ the smne ooaoloeioa. WIm^ i^et^l ipdl^ i» 
ellowed to TOMt with the eodtum salt of hydroa^metl^ieiie eyelo* 
hezanone in abeolute alooholio solution. 0) 6>methyl eUior of 
hydroa^melhylene oyolohexanone. imd (ii) orfho-inethyl cyclobwcanoae 
are obtained. Obviously, the chance of enolisation und«r the 
eiqMrimental ctmdition is great, and as such the exclusive foimatioii of 
the O^el^yl ether should be expected. In reality, however, about 
40 per cent, of the reaction product is or<lK>-methyl cyclo-hexi none. 
The presence, therefcwe, of a considerable proporticm of the keto* 
aldehyde phase even in absolute alooholio solution, must account for 
the formation of or/homethyleyclohexanone, unless indeed one 
assumes the wandering of the methyl group from oxygen to carbon. 


OH, CH, CH, CH, 

H,C ^ V ^ H.C ^ "^ O-l-CHJ-t-yaOEt 

CH, C=sCHOH CH, CH CHO 

CH, CH, 

— ►H.C ^ 

CH, C-CHOCH, 

t 


CH, CH, 



CH, CH, 

CH. ^ ^ 04-HC00Et 
CH, CH CH, 


If, however, ^e sodium salt of hydroxymethylene cpelohezaaone 
is prepared by the addition of metallic sodium to Uie hyditnymetky* 
lene ketone in bratsene suspension, the product obtained on meithyl»>^ 
ti<m (also in beniene scdoiton) gives on treatment with o«dd pcfsudb, 
orthoDae^yleycZehezanone as the main product which estiddiabe* 
'^i^e ipresenoe of a keto^aldel^e phase. 



BBA<}TXON OP DIAZOHXOM; 8AIfTS 

^ in' ky*<.,yn«ttyl«. ^ 

tamam ^ant «» fallowing nnolfan wfaoh wnn' 

^ Wl.“ dlMoniom oUortd. ,» 

bydvnymeOiyleQa oyeiofaexaoone in presence of sodium aoetote. iha 
reaetion product* obtained in nearly quantitative yield, is in a state of 
My pod p»m*ty, and corresponds to a monophenylhydrazone of 
dtketoluaamethylene. Unfortunately, after the work had proceeded 
far we noticed that Coffey U6s. Chem. 8oc., Lond. 1928, (i), 808* 
Bee. trav. Chim., 1928, 18* 528) had already studied thin particular 
case in tiiis type of reaction, i.e., the action of diazonium chloride on 
hydrozymc^ylene cyclohexanone. No doubt this took away much 
of the real interest of the subject, but on extending the reaction to 
acetyl and oarbethoxy cycloketones, important differentiating 
prcq>erties of ^-diketones and hydroxymethylene cycloketones were 
observed. 


The action of diszonium chloride on hydroxymethylene cyclo- 
hexanone gives, as already stated, a monophenylhydrazone of diketo- 
cyclohexane (c/. Coffey); we have found that with the various hydroxy- 
methylene cycloketones and diazo salts, the monophenylhydrazones 
are invariably obtained. That they are monophenylhydrazones is 
established from the following two facts : — 

(i) '^hen they are heated for sometime with glacial acetic aoin, a 
conversion analogous to Fischer's indole synthesis takes place, giv ing 
rise to carbazole derivatives. 


CH* 

OH. 


CH. 

Ach. 

C:N NHPH 
CO 



% 

(ti) On heating the original reaction products with phenylhyd|n- 
zine, osazones are readily obtained. Thus mono-phenylhydrazone of 
diketohexamethylono yields the same osazone as was prepared by 
SMz from oxycyclohexanone (.46*. 1913, i. 1201). 

As «ia obvious, the formation of monophenylhy^azone fma 
hydroxymethyleneey^lohexanone and diaaonium sidto, neeeaai t atjw 
the removal of the formyl group to give the neoassaiy hydiqf«a io# 
the^ formation of phfnylhydrazone. 





OF sIlts 

liii& tlkte is iH^j^bI6 tdr ifA fdktmt^ M 

#lllM ifi hy g fe x yilitStajf t enb ilo 

such hydrogen is pre^t, and as such il the tendency is -tb 
h dhdbr «iie extibrlthehitil ccMbdltions, thb fbiMyl |^p, 

itipfflfSB thdhydteg^^ Tfi6t tK«y ii% 
fadfc Biieti eii^liiyVely alike by onr oVi4i w6i3fc ks atl^ by Jitt- 

Stotts wibftkbk (V. Meyer, Ber., iSSS, iJl, 11 ; Ja^p M Kih^bihltiih, 
J. ChhtH. Boc., 18i86, dd. 619; Pechmann, Ber., I892i *8; 8199; Ber., 
18^, tT, il§; Fayrel, Coinpi. tend., 1901, 18S, 41; Compt. rtM;, 
1898, 188i 1312; Bai>i8chogdh, Bull. 8oc. Ghint., 19€4, (iii) 81, 76; 
Diniroth, Ber., 1908, 11, 4012, etc.). The tendency to Ibiiin 
j^hedylBydinzdttes in siioh cbses is so great that CO, and acktyl jgronp 
arb split off leSpbbtively from alkyl aoetoaobtic acids and alkylSebto- 
acetic esters (of. Japp and Klihgbmanh, loc. cit). 


CH,.CH.OOOH CH,. C=N. NHPh 

I +Cl.N:N*t»h= I d-co.+flbi 

Oft, .CO CHi CO 

CH,.OH. COiEt. OH,. O. 00,Bt. 

I +Cl. N:N.Ph= II +CH».C0,H+HC1 

CH,.CO N. NH.Ph 


Mention has already been made that the course of reaction of 
diazonium chlorides with hydrozymethylene cyclohexanones is 
different (|rbm that with other cyclic /8-diketones, such as acetyl 
cyclohexanones. If this Wem not so, the same hydrazonC would 
be obtained whether one started with hydroxymethylene cyclohex- 
anone or acetyl cyclohekanone (or cyclohexanone carboxylate). The 
reaction probably proceeds, however, in the following way 


OH, OH, 

ft.(<3oo +C1. N-N. 
OH, OH* 


Ph 


. COCH, 
CH, OH, 


H 


,C<^ +01. N=N. 

CH, CH 

(!ooc*h. 


Ph 


CH, OH, 

H,C ^ ^ CO 

CH, C=N. N. Ph 

I 

OOOH, 

CHi eft. 

H,C ^ ^ CO 

CH, CiaN. N. Ph 

cooe.H.’ 


• ^ qn^ibn may sHm, wby is the raultSog Oompoob^ a 
SD^aso-deilTMhvef 
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praMi0 iua#ar"ia:fM^^ «»!: W 
«luaiB«t«d ’ hj pmfmiiAag the aoatylBliMQiBjnjbMsoM ^d^awMMini* 

1!lie eKpiaaatioii ol the aiott»eliiatn»fcl<m o< the jeyi group hmre, 
M disUnot bma the foraijl group iu hydrosgroietlqrleiie epeloheace* 
nose* probebiy lies in the feet that the aqraunetrioid f<»myl«ph«tiyl> 
hydnuBone n unknown doubtless on aooount of its instabiltiy» where* 
as aeetyl-plMHiylhydrssone and oarbethoxy-pbenylbydrasone are 
stable. No earbazole derivatives have -been obtained hrmn these 
even on )>rol(Higed boiling with aoetio aoid, probably beeause of the 
difficulty of obtaining the hydrogen necessary for the elimination of 
ammonia. A further peculiarity of these acyl phenylhydrasones 
is tiieir solubility in dilute alkali and precipitation on acidification 
without any decomposition. The behaviour is difficult to explain 
unless <me assumes that the ketonio group left free enolises. 
Sodium carbonate solution does not dissolve them. In the case 
of the monophenylhydraemie of diketocyclohexanes formed by the 
action of diazo salts with hydroxyme^hylene-cyclohexanones this 
solubility in alkali is extremely small although a little does dissolve. 
Probably the absence of any strongly acidic group in the compound 
accounts for this depreciated solubility. The question, however, 
has to be left open for the present. < 

A fact of considerable interest has been noticed in one or two 

* 

cases of these condensation products which points to the existence of 
isomors (c/. J. pr. Chem,, 1892, (ti) ifi, 579; 1893, 17. 591, Ber., 1897. 
80, 1965). Thus the monotolyl hydrazone of l-methyl*2 : 8 diketo- 
cyclohexane exists in two forms, one melting at 91-98*, and the 
other at 117* 118**. The possibility of the existence of isomers is 
seen from the following representation : — 


CH, * 

1 

CH, CH 
H,C ^ 


OH, 

' I 

JH, CH 


and H,C ^ 


CH. C 


CH, C 

if II 

«N. NH. C.H,. CH, CH,.C.H.. NH. N 


In other instances, although isomers of distinctly diffinent melt* 
ting pmnts have not been isolated, their indifierent melting points 
would lead one to suspeet the existence of thme as mixtureo. ■ t 
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l-BfdfMilfnuihyl«n9~oyiiioh9xane^2-one and DtawbmumU 
OkiorUUt Pormution of ejo\oHemane-l:2~dion0-mono-ph9njfl 

hyidra»<m§, 

l<S7dbraxymetliylenecyeIohezane-2^>ne was obtained by tibe 
tiaval m^bod of Borsohe (A., 1910. t, 880). 

In a beaker of dbout 600 e.c. capacity, l-bydrozymethylene- 
oy^hezene-a-CHae (10 g.) was mized with a saturated solution of 
aodium acetate (25 g.}. l%e turbid solution was made clear l>y the 
addition of a sufficient quantity of alcohol and allowed to cool in a 
bath of freezing mizture. After it had cooled to 0**, a diazo-solutiOn 
obtained from one molecular equivalent of freshly distilled aniline 
(78*g.) wee added to it in small quantities with vigorous stirring. The 
operation was completed in the course of about half an hour when a 
yellow precipitate was obtained. A distinct odour of ethyl formate 
visa noticed as the reaction proceeded. The yellow precipitate was 
Uien rapidly filtered etnd the filtrate was preserved for further treat- 
ment as will be described below. The precipitate was thoroughly 
washed with water to free it from sodium acetate and other adhering . 
impurities. This was then dried and weighed, a nearly theoretical 
yield being obtained. It was found convenient to crystallise it 
from hot glacial acetic acid in which it is moderarely soluble. It 
was found also ezpedient to boil up with animal charcoal before 
crystallisation as otherwise the colour of the crystals appeared to be 
somewhat dirty. The crystals were beautiful, lustrous and reddish- 
yellow in colour and melted at 181°-185‘*. (Found: N, 14* 10; G, 
70*90 ; H. 7*18. 0 ,,H, 40 N, requires N, 18.86 ;C, 71*28; H, 
0*98 per cent.) 

* This was moderately soluble in most of the organic solvents. 
It also slightly dissolves in dilute alkali. 

Confirmation ofithe Pretence of EtHyl Formate in the Ret^Hon 
MiMtttre. 

The filtrate mentioned above was distilled on a water-bath and 
the distillate was collected between 53" and 80“. In the distillate, 
a strong odour of ethyl formate was noticed. On Addition of a 
aolutioifof mercuric chloride to a little of it at first a white turii^ity 
was for me d which on standing settled down to a white precipitate 

26 
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due to tiio formation of marourotl^ ohlorida. The amatlaead of tba 
precipitate was periiaps doe*to the presmoe of only a small quantity 
of ethyl formate. 

l‘Keio-ietrahydro^earhw$vl«. 

A few grams of the monophenylhydrazone obtained were die* 
solved in m excess of glacial acetic acid and heated under reflux fmr 
(Hue hour. When cold the solution was diluted with water when a 
brownish white precipitate was obtained. This was filtered and re> 
crystallised from hot 50 per cent acetic acid. Oreyish white needles 
melting at 188” were obtained. (Found: N, 7*78. CstHttOK 
requires N> 7*5 per cent.). 

eycloHs#ane*l : ^-dione-diphenylkydraMone. 

The monophenylhydrazone obtained, an equivalent quantity of 
phenylhdrazine hydrochloride, and sodium acetate in excess were 
heated on a water-bath for one hour in alcoholic solution under reflux. 
Sodium chloride separated, which dissolved on the addition qf 
water, and a yellow precipitate was obtained. This was thorouf^ly 
washed and recrystallised from hot alcohol by the addition of a few 
drops of water. Fine yellow coloured crystals, m.p. ]5^”-154”. 
(Found: N. 19*36 ; C, 73*87 ; H, 7*08. requires N, 19* 

18 ; C, 7.3*98 ; H, 6*84 per cent.). * 

This compound was found to be identical with that obtained by 
Kotz (c/. A., 1013, t, 1201) by the action of phenylhydrazine on 2- 
hydroxycyc/ohdxane-l-one prepared by the hydrolysis of chlor-2- 
cpclohexanone-1. A mixture of Kdtz’s compound and ours showed 
no lowering of melting point. While preparing Kdtz's compound it 
was found that the same could be prepared much easier in the follo- 
wing way. Instead of hydrolysing chlor-2-cyclohexuione-l by 
K|CO, and then treating the 2-hydroxyci/clohexanone-l thus isolated* 
with phenylhdrazine, the osazone could be obtained , by hydrolysing 
2-chtoro-cgclohexanone with KOH solution and' treating it with 
phhnylhydrazine after acidification. 

Hydroxy methylene -ay 6loh€xane-2-one and p-Dia»oioluene 

Chloride: Formation of eyo\oHexane-l:2-dione-mono-p‘tolylhydra- 

zone. . * 

^ . ♦ 

The condensation product was obtained as previoudy using p* 

tbluidine for diazotisation, the yield being 97% . After recrystaHi- 
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tgam hot glacial acetic aot4 and ^Jso boiling with 
charcoal, it was obtained as yellow crystids melting at 190.** (Fouhd i 
1?, 18*80 ; O, 72*51 ; H. 7*00. CitHgaON, requires N, 12*06 ;0,. 
72’92 ; Ht 7*41 per cent.) 


X-Keto-tetrahydro-S^-methyUearhazole. 


This wae obtained ae before by heating in an excess of glacial 
acetic acid the monotolyt-hydrazone obtuned as above for one hour. 
After reoryatallisation by boUing with animal charooid feom 60 
per cent acetic acid, it was obtained as colourless flakes sintering at 
192® and melting at 104® (Found: N, 7-29. .ON 'requires 

N, 7*08 per cent.). 

oycloH0zaMe~dione-l-phenyl~2-P‘iolylhydrazone. 


It was obtained ae previously by the action of phenylbydrazine 
hydrochloride and excess of sodium acetate on cyelohexane-1 :2>dione* 
motto-P'tolylhydrazone. When recrystallised from alcohol diluted 
wth a few drops of water it was obtained as yellow coloured crys* 
tals sintering at 145® and melting at 150®. The melting point was 
not veiy sharp even after two or three crystallisations. (Found : 
N, 18*72; G. 74*08; H, 7*60. C,,H,,N. requires N. 18 29; C. 
74*60; H, 7*18 per cent.). 

t 

l‘Hydrozymethytene'Cyo\oheranc-2-one and DiaMO-p-nilrobenzene 
Chloride : Formaiion of oyo\oHexane-l dionemono-p^nitrophenyl 

hydrazone. 


The condensation was effected as previously using diazotised 
P'ttitowniline. The product was crystallised from hot glacial acetic 
acid in which it is sparingly soluble. The ciystals were obtained as 
dark brown needles, melting between 228® and 230® blacken- 
ing a few degrees earlier (228®). The yield in this case was nearly 
08 per cent. «(Found: N, 17*82. C^H,,0,N, requires N, 17*00 
per cent.). 

It is insoluble in most of the organic solvents except in glacial 
aoetio acid in which it is sparingly soluble. It also slightly dissolves 
in dilute alkali. 


l-KetO'tetrahydro~B*nitro-carhazole. 

This was obtained os previously by boilii^ the phenylhydrazone^ 
'ditnined as al>ove with an excess of glacial acetic acid for two hours 
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and a haiL. ISiU #m reoi^taUiaad from Iioi alcMstud. 4lti(Miiiii 

lorjatiaia edutar aM SOB*, aad malt at 212*; (Foand : N, 12*85. <)^aM^0 
OaK« zaquires N, 12*17 per oent.). 

oyeloffaxana-dione-l'p-nitrpphanjfl-Q-phanjflhydraaona. 

OH* CH, 

H,C ^ NH. C.H, 

CH, 0«N. NH. C,H,. NO,[l :43 

♦ 

Fhenylhydraaine hydrochloride dissolved in alocdml was mixed 
with a saturated solution of sodium acetate and to this was added 
the phenyl hydrasoue obtained as above which remained in suspen* 
sion owing to its insolubility in alcohol. This was heated on the water* 
bath under reflux for 2 hours when the colour of the suspended 
phenylhydrazone was found to have changed from reddish-brown to 
scarlet-red. This was filtered, washed with water. »nd crystallised 
from hot alcohol in which it was sparingly soluble. It was obtained 
as scarlet coloured crystalline powder having m.p. 215* — ^217°. It is 
insoluble in most other organic solvents. (Found : N, 20*53. 
C,,H,,N,0, requires N, 20*77 per cent.). 

l‘Hydroxymethylene-0-meihyl~eyciobexane~2-one and 
Diazobenzene Chloride ‘.Formation of Z-methyl’cyolohexahe-l 
dionemonophenylhydrazone . 

l-Hydroxymethylene-3-methylcyc/ohexane-2-one was dbtained in 
the usuid way by condensing together o-methyl-cyclohexanone and 
tsoamyl formate. The liquid boils at 112*— >114*/40 mm. 

The condensation was effected in the usual way between 
l«hydroxymethylene-3-methylcycIobexane-2>one and diazobenaene 
chloride. The yield in this case was somewhat less (about 
85 per cent.). As this was found to be a low melting substanoe it 
was' crystallised in the following way:— It was first dissolved in 
alcohol, boiled with animal charcoal and filtered. Then the solution 
was cooled and drops of water added till turbid. On keying the 
solution at that 'condition for sometime beautiful yellow otysta|s 
appeared which melted with folio wing oharacteristios. It began to 
sinter at 88*. then partly melted at 91*, got turbid, and the turbi* 
"di^ cleared at 181*. Even after crystallisation for three times no 
improvement was noticed in its m.p. Its 001^7**^ ^ nitrogen. 

• s 4 
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point, bowovor, to its boinogonoous oonpoii* 
Xt OMWBS. tbor^oro, to bo n mixture of two isomeni. as alreisdir 
mentiottad (loc. off.). (Found; N, 18*06 ; C, 71*90; H, 
requires N, 12*96; C, 72*21; H. 7*46 per cent.). 

It la extremely soluble in most of the organic solvcnits. It 
idig^tly diaaolses in dilute alkali. It is very unstable. The well* 
sbiqied crystals when kept in a sample tube gets resinified within 
a fortnight. 

l~Keto-2-nieihyl-telrahydro-carbazole. 


This was cAtiuned as usual by heating the monophenylhydrasone 
in an excess of glacial acetic acid for about ten minutes. If it is 
boiled for a longer time it gets charred. On cooling it was diluted 
with water when a brownish black precipitate was obtained. This 
gave colourless crystals, m.p. 171*’ -73° after boiling with «umal char- 
coal in alcohol. It can also be crystallised from 50 per cent, acetic 
acid. (Found: N, 7*06 ; C, 78*06; H, 6*81. C,aHi .NO requires 
JjT, 7*08 ; C, 78*M; H, 6*58 per cent.). 


S^MHhylcyolohexane-1 i2‘dione-diphenylhydratone. 

This was obtained as usual by heating phenylhydrasine hydro- 
ohlmide, excess of sodium acetate and monophenylhydraaone 
prepari^ as above. In an alcoholic solution for half an hour. This 
was filtered and recrystallised from alcohol by adding a few dn^ 
of water. Fine yellow crystals, m.p. 151 ^ — 158®. (Found: N, 
18*55; C, 74*89; H, 7*26. requires N, 18*8 ; C, 74*50; 

H. 7*19 per cent.). 

1 - Hydroxy methylene ‘Someth yl~eyolohexane •2-one and p~Duuo~ 
fotuene Chloride: Formation o/3-mefky2-cyolokedMine>l:2-dfbne- 

mono-p'iolylhydrazone. 

The condensation was eSected in the*usual way, the yield being 
about 85 per cent. * It was crystallised in the same way as in ^he 
oaaedf monophsayl-hydrasone. But while crystallising, two pro- 
ducts having different melting points were isolated. At first the 
crude product was dissolved in alcohol and boiled with animal char- 
ocnl. This was filtered and to the cold solution drops o/ water wwe 
Added ilU the solution was turbid. On standing crystals separated. 
Ttibi was filtered and the filtrate preserved. The crystals, so 
oLfoined vTMe recrystallised again and again for 8 or 4 times fccm 
dilqte alcohol. From this, yellow neqdle-shaped o^stals m.p. 117 • 
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IW* fwitt On Addition of more wAtor to 

liquor After first ftltrstwm. a pcoduot was obteinod wbioli <m roAiyAr 
tsilisAtton {rom Alcohol diluted with weter melted At 01**— 08*. On 
anAlysis the two were found to here identioAl oomposition end hence 
they fpeemed to be isomers. ( Found : (i) m.p. 91* >-08*, N, 12*47; 
0, 72*61; H, 8*80; (n) m.p. 117*— 118*. C, 72*60; H, 8*82. 
Ga^HtaON, requires N, 12*17; C, 78*04; H, 7*88 per coat.}. 

This is also very soluble in most organic solvents. It slightly 
dissolves in dilute alkali. This is also unstM>le, as after keeping it 
for moss than one month in a sample tube. tMry matters separate. 

l^Keio^i-metkyl-tetnUtydro-^methylcarboMoU, 

This was obtained as before by boiling the tolylbydrazone in an 
excess of glacial acetic acid for ten minutes. Longer heating chars 
the product. When cold, it was precipitated with water and the 
product was recrystallised from 50 per cent, acetic acid alter bcniing 
with animal charcoal. (Colourless crystals, m.p. 105*. It can (Uso 
be CTystallised from 50 per cent, alcohol. (Found : N, 6*88; C, 78*80; 
H, 7*22. Cj^Hi.ON requires N, 6*57; C, 7-^'67; H, 7*04 per cent.). 

S-Mefhyl-cycloheaeaae*! •.'■l~diont~\-tolylhydfazone‘%phenylhydraMone, 

This was obtained as previously by heating the alcoholic solution 
of the tolylhydrasone prepared, phenyl hydrazine hydrochloride and 
sodium acetate on a water-bath for about half an hour. The product 
obtiuned when crystallised from hot alcohol cuno down in beautiful 
yellow crystals, m.p. 158*- 150°. (Found: N, 17*63. C,© H,* N* 

requires K, 17*50 per cent). 

X->Hydroxymethylene-9-melhyl-iiy<i\okejeanc-X :2~dione and fi-Diojio- 
naphthalene Chloride: Formation of 9-Methyl^cyclohexane-l :2-dione- ^ 
naphthylhydraxone . 

» ' 

The condensation of the two was effected in '‘the same way as 
before, using diazotised /8-naphthyIamine (yield about B6% <tt the 
the(wetical). 

Hie condepsation product so obtmned contained much 'tarry 
matters; so it was at first driad in a vacuum desiccator and then 
treated with petroleum ether in which the tarry matters dflaolved. 
Then the product was crystallised from cold methyl alcoholic solution 
diluted with a few drops of water. The crystals obtained wore 
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In oi^b^ between 85* andi- 88*'. - |{ It 

hS^ ablitbla in moat organic aolTenis and slightly in dilate alkali; 
l[t la -alao onatable, tiurry matters being sepM^ated from well-defined 
eryatias aft«r sometime. (Found: N, 10*00. C,fH,.ON^ reqnirea 
Ni 10*58 per cent.). 

l-Keto-2‘methyl-ieirahydrp~naphtho-carbaxole. 

This was obtained as previously by heating the naphthyl-hydra- 
aone in an excess of glacial acetic acid for ten minutes. The product 
obtained was crystallised from 50 per cent, acetic acid when* grayish 
white crystals were formed melting at 225* blackening at 212*. 
(Found : N, 5*80. C, •ON requires N, 5*02 per cent.). 

The osasone has not been obtained by the further action of- 
phenylhydrasine hydrochloride in presence of sodium acetate.' C 

l-iica<yi-cyolokezane-2-one and Diazobennene Chloride •.Formation 
o/ cyoloHsarane-l : 2-dioHe-mono-acetylphenylhydTaxone. 

m 

l-Acetyl-cyciohexane-2-one was prepared according to Lessor's 
method (BtiU. 8oe. Chim., 1900. (iii) 88, 870.) 

l-Acetyl-cyc2ohexane-2-one (8 g.) dissolved in a little alcohol was 
mixed with a saturated solution of sodium acetate (15 g. in 25 c.c. of 
water/ and the turbidity that ensued was just dissolved by the addi- 
tion of a further quantity of alcohol. The solution was then allowed 
to cool in a freezing bath. A diazobenzenechloride solution was 
prepared from an equivalent quantity of freshly distilled aniline. 
The diazo solution was then poured into the ice-cooled acetylcyclo- 
hexanone solution adding a small portion at a time and stirring well 
the mixtures with a gloss rod. Contrary to previous experience, 
instead of a crystalline precipitate the mixture turned into an 
emulsion from which nn oil separated at the end of the reaction. 
The reaction n;)ixture was found to solidify on keeping in the freez- 
ing bath for 2-84iours and then at the room temperature overnight. 
The solid mass was next morning filtered and washed with a liltle 
rectified spirit which dissolved the tarry matter-s. The yield was 
nea<''ly 80% . It could be obtained pure from hot acetic acid 

sy(ter three orystallisationst but it was found convenient to purify 
it as fallows:-— It was repreolpitated by acidification v^th acetic acid 
from its solution in dilute alkali in n hieh it trae found to dintAve 
{loe. eit). The reprooipitated substance waa then dissolved in 50% 
acetic acid and boi)ed with animal charcoal, '^he filtered solnticm. 
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BiibsiMM wm obteiutd w Am ytlloir |)lfi^ 9 ^ 
(Fooad: N, U*flO. 0»,H»«0,H* U'4S 

ptx (M«tt.). 

Xt disBolTet in •oetio aoidt nfehyl alcohol^ methyl aJodlud iirto.i 
but is insoluble in bensene, petroleum etfaw and ohlorofmm. Xt 
disadlTes eompletely in dilute alkali from whidi it oan be lecoramd 
unchanged by acidification. 

l>deetyI-oyolokexan«-2-oae and p-DtasotoI«ene CMoridt : Forma- 
tion of oydoHeasane-l :2~dione-mono-aeetyl-tolylkydnuone. 

The condensation was effected in the same way as above n y i ng 
p-t(duidine. In this case also an oil separated which on keeping 
ovexnii^ solidified (yield 60^ of the theoretical). This was crystal* 
lised in the same way as above by first dissolving in dilute alkali and 
the product after acidification was thrice crystallised from 80% 
acetic acid when beautiful yellow plates were obtained melting at 
151**15d°. (Found: N, 10*95. C},H,,OaN, requires N. 10*86 
per cent.). 

It dissolves in dilute alkali from which it can be obtained 
unchanged by acidification. It is fairly soluble in most organic 
solvents. > 

8.Methyl‘l-acetyl-cyo\ohexane-2-one and DiatobenMene Chlorido : 
Formation of Z-Methylcyc\okexane-l i2-dione-mono-aeetylphenyl- 
hydrozone. 

3-Methyl-l-aoetyl*cycIohexane*2*one was prepared according to 
Leaser’s method. From 50 gms. of o>methyl -cyclohexanone only 9 g. 
of 3.methyl-I-acetyl-cyclohexane*2*one were obtained. The liquid 
boils at lOO^-lOS^/lS mm. 

The condensation was effected in the same w'ay as above. The 
yield was the same as in the former case. An oil separated which on 
keq>ing overnight solidified. It is best crystallised by thrice dis^lv- 
ing in 50% acetic acid. The method of dissolving in dilute alkali and 
repreoipitating with acetic acid was not suitable. Yellow plates, 
m.p. 187**140®, were obtained. (Found: N, 10*90. C|,H>«OtNa 
requires N, 10*35 per cent.). ^ 

This also dissolves in dilute alkali and can be <d>tained unchanged 
by ad(^fieai»on. It is soluble in most organic media but is insoluble 
in petrodeum ether. 
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3»JU!«ll^[^i*4UMity{H}]reloli0awn«>2'One and j^’Diaaotoluene OhUmdti*. 
FwmaMonof 9-U0tkyl^dloh0xane-li2-dione-mono-aoetyltolylhydra- 
»om. ' ' '' 

Hm bmideaMtioii product was obtained as previously as m oil 
at first which, on keeping over-night, soUdtfied. The yield was the 
same n belore. This is best crystallised from hot benzene, when it 
is obtained as light yellow crystals, m.p. 117^-120°. (Found : N. 
10*15. C^cfiaoO N requires N> 10*28 per cent.). 

It idso dissolves in dilute alkali from which it can be precipitated 
unchanged by acid. It is soluble in most of the organic solvents. 

l-Carhethoxy-cyclohexane-2-one and Diazobenzene Chloride : 
Formation of cyoloHexane-l :2-dione‘mono-carbethoxy-phenylhydra’ 
zone. 

l-Carbethozy-cpeIohezane-2-one was prepared according to the 
method of Kdtz, (A., 1905, 846). The condensation was effected 
as usual by adding ^e diazo-solution to ethyloyclohexanonecarboxy- 
late in a saturated solution of sodium acetate. At the end of the 
reaction an oil separated, which on keeping overnight solidified. 
This is beet crystallised by first dissolving in dilute alkali and thnt 
precipitating by acidification. After two crystallisations from 50% 
acetic aoM (using animal charcoal) long needle-shaped light yellow 
crystals were«obtained, m.p. 90®-92®. (Found: N, 10*11. 

O^N, requires N, 10*22 per cent.). It is moderately soluble in most 
of ttie organic solvents. 

l‘Carhetho3^'Cyc\ohexane-2-one and p-Diazotoluene Chloride : 
Formation of oycloHexane-1 :2 dione-niono^carbethoxytolylhydrazone. 

l%e condensation was effected as usual. The product was an 
oH which afterwards solidified. It was found convenient to crystal- 
lise it from methyl alcohol diluted with a tyw drops of water. The 
aiihat en **-** was (Stained as brown crystals, m.p. OT^-OO®. (Found 
N, 9*86.* C,.H,oO,N, requires N. 9*72 per cent ). 

Reeeited August 1, 19t7. 
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VaviAtioii of Um Charge of Colloidal Partiolot. Part II. 
Blioct of IMlation and of Non-eleetrolytas on the 
Charge and ite Variation with Concentration! 
of Electrolytes. 

Bt Jwahbwdha Nath MoKHsanat, Subodb Gobikda Chaqobubt 

AHD SaTTA PbOSAO BaI CHOUDHUai. 

Discussions on the influence of external factors on the co^pjlat* 
ing power of an electrolyte centre round certain assumptions regard* 
ing the electrical charge of the colloidal particles such as : 

(a) that the charge does not change on dilution, 

t 

(b) that a given rate of coagulation of the same sol by diffe- 
rent electrolytes is characterised by a definite value of the potential 
of the double layer. (Some authors still hold that coagulation takes 
place at the iso*electrie point). 

Powis*(ffetf. phy$ieal. Chem., 1915, 89« 186) postulated that coagula* 
ti<m takes place when the potential falls below a critical value. But 
he himself observed for arsenious sulphide sol (J. Chem. 8oe., 1916, 
1(19. 784) that this is not always so. These measurements are not 
so reliable ae those he carried out with oil emulsions, for he used 
the procedure suggested by Burton which is undoubtedly erroneous 
(Mukherjee, Thesis, (1921), also Proe. Roy. 8oo., 1923, lOSff, 102.). 
Even the fundamental assumption of a direct relationship between 
tHe rate of migration of the particles in an electric field which is 
taken as a measure of the potential of the double layer and its stabi- 
lity is untenable (for if full criticism see Mukheigee. Thssis, loo. eit,^ 
Blukharjae and Chaudhury, J. Indian Chem. 8oe. 1925, 2, 206). 

• Recently Dhar and his co*workers in a number of papers have 
fttenp^ed to classify so-called auspensoid colloids on the basis of 
thainhehaviour to coagulation by electrolytes on dilutlop. Ih the 
dlff ft^nation#, they have tacitly assumed that the potential of ttie 
double layer on the particles remains constant on dilution tiuMigh 
than is scarcely any recorded evidence in support of this 
aasuniption. • 



Aibe&tioa may ba draws k» tlia diteiiasioss asd ooliliidTannM 
entered boito by Weisar (/. Pbya. Cbem*, 90t dOf IdST* abe 

refareaoa to earlier Uteratmra). Freui^iob and Zab* (Zait. pfcyiiioal 
Obam.. 1924t ill, 05} Dhar and Ohoah (/. Pbya. Chern,, 1907. SI. 
64» ; iha. 99 . 1925 ; p. 485.654 ; KoUoid. Z.. 1986, 98 , 141) on the 
'wO^fiire^ a< naii<aiaatrolytaa on ooegulatioa by eleetool^ftae and dn 
poagntatioBa by mixtoxea of alaotrolytaa. The nasaaai^ Ite ahnnl- 
taneoua maaettreananta cA Bdiargaa waa pointed ont by Mukhatiaa and 
and Ghoah (J. Indian Cham, Soe., 1925, 1, 218), and by liukherjea, 
Chandhury and Mukheijee (J. Indian Chem., Boe., 1926, 8, 849). In 
the preaent pc^ar the foUoedng meaeoramanta of dmripaa are 
reoorded : 

(a) Variation in the charge on dilution of colloids with water; 
axeratoua aulphide ; gold ; copper ferrocyanide. 

1(5) Effect of ethyl alcohol on the charge of colloidal arsanioua 
sulphide containing different concentrations of hydrochloric acid. 

(c) Effect of different concentrations of the following single 
elaetrolytes on the charge of particles of arsenious sulphide sol: 
hydrochloric acid, sodium, lithium and potassium chlorides, sodium 
boksoata, sodium citrate, potassium ferrocyanide. 

(d) Effect of the following mixtures of electrolytes on the 
charge of arsenious sulphide sol : sodium chloride and benzoate ; 
sodium chloride uid oxalate ; sodium chloride and citrate ; 
barium chloride and sodium benzoate ; c^cium uid sodium ben* 
zoate. barium and sodium chlorides ; magnesium and sodium ehlo> 
rides, lithium and magnesium chlorides, potassium ferrocyanide and 
chloride. 


Expbbuisvsal. * 

these meaeurementa'the catapboreticme^od'deTeloped by cxne 
(ff-us (Proc. Roy. Boc., loo. cii.) has been used. It is not possible. to 
malm measurements in this place during the rainy seaaon <»i account 
oi leakage. Attempts have been made to avoid it by insulating all 
connections atid apparatus and by using paraffin oil instead of water' 
in the themtostat. Though the trouble doe to Ieakag;e can be seneib* 

' MesssteoMiiU uadw this aeestoa hsvs bssit esrinsiv^y esnM ost by* Mr. 
fl. O. Cbsndbiiry. 



ly it eamiot be etltniartod oompletely end tbe meeewe* 
meikfci iinve to be taken during the cold weather. 

*Smo ^BSerc»t glaaa tubes were used for cataphoresis. The eSectiire 
lUataBoes were neastffed as usual icotn conductivity ^ 

One ts^ Iwd tour side tubes and the other two. The efieeMVe 
distanoe between the two side tubes enclosing the coUfM-elec- 
lyte boundary were estimated to be 1'72 cm. and 4*2 cm. respective* 
ly lor the upward movement of the oolloidid particles (direct) and 
1*78 cm. and 4*2 cm. respectively for the downward movement 
(reverse). On ustng different tubee one finde eome difference in the 
rate of migration per unit potential gradient. This should be ascribed 
to the error in the determination of the effective distanoe*^. The 
effective distance also varies with the specific conductivity of the 
e l sBts olyt e need far ite determination. One gets a constant value and 
lose variation in Individual readings when the specific (xmdnctivity of 
the ei oo t so lyte is high —(greater than that of Nf200 hydrochloric acid 
or N/lOO e o p pe r sulphate). At low concentsraiions there ui a disere* 
paaey probdi^ due to the fact that when the specific resistance is hl|d> 
the eleetoolyte in the immediate neigbbourbood of the eieetrodes 
does not uniformly take part in the conduction— t.e.« the potential 
on account of the electrical field is not the same at adl points in a 
a plane perpendicular to the axis of the tube. At higher conoen* 
trations. due to the greater specific conductivity the zone of suofa» 
irregular fields for the same potential gradient becomes smaller and 
smaller and the error in the determination of the effective distance 
becomes less than 1!^ . The figures for the rate of migration given 
in this paper (this holds true also for the data in the previous papers 
of Mukherjee and co*workers) therefore do not represent the abso- 
lute value. The cumulative effect of the errors in calculating the 
effective distance* and consequently the potential gradient, is not 
however grapt. So far using six different tubes we dave obtained 
a t****^**!*!*** vacation of from these sources (vide Table I for 

illustration). The ratee of migration have been given in cmt. per 
second per volt per cm. multiplied by 20*. 


a • 

♦ Cf. Ptec. Boy. See., lee. «t., p. llfi ; tbe f<dlo«ing vsloes for <Jm anhuowa die* 

taess iaeoM. Vstwoa the two kwMt marks in eadi limb of tbe U*tiA» wwq ebta^' 
-ITrxirihri-rg thir slenlWKlea at difiSrest podtioM aad oaiBg the same fillfug or.eiae» 
Iretotedar aMMumMOMSite of ooadaotlvity : 17*18.16*00,16*98. 
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Bttmt BampU «/ ilrMnto«f B^pkid§ Sol unth two J^ffonnt Tukoo» 

T«mp. 85**. 


BffaoiiTO distsDM between the 
side Umbe in erne. 

1 

B»t» of migmtioii* 

Tnbe. 

l>ireet 

1 lUvmm 

Direct 

Beveree 

Mesa 

I 

1-78 

1-78 

1 tO-88 

51-4 

5X-U« 

n 

4-9 

4*9 

47-99 

48-7 

48-08 


Better agreement between individual meaeurementa is observed 
when the boundary is in the same level in both the limbs which 
can be seeured by initially using the requisite excess of the nppo: 
liquid in the bulb attached to the limb with the side tubes. Under 
the most satisfactory conditions, namely a sharp boundary and a 
fairly constant potential gradient the results are reproducible within 
1*5% {vide Table II). 


Tablb II. 

* Anenioua Sulphide Sol with a Mixture of '00. N Barium Chloride 

and ‘1184N Sodium Beneoate : Temp. 85*. 


Kmnber of ex- 
poriaioni. 

j Potootial Gradient in toU per en. | 

f 

1 

1 

Beta of aaigrstion. 


Befote 1 

After 


1 

•9788 

-9968 j 

• 40*8 

.9 

-9787 j 

1*009 

' 40*8 

8 

-9647 t 

*9900 

40*8 


The error is mostly due to that involved in reading the poeitioa 
of the boundury. * It was found that the correetion for the diflerefiee 
in viscosity is negligible when no non-electrolytes were used, in 
caparison to the error in reading the movement of the boundary. 
Even in the case of fixtures of electrolytes ttie variation in 
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W«i Vtfy tmaU and varied Irom *007288 lor waiar (a<s 86*0 
^ *007440. Tb» ratea of migration where corrected for viaooaiiw 
l>»va bean given aa 'conreeted rate ' of migration in tiie 
fcdfowiag taUea. 

The metiioda of preparation of the colloids and other partieulam 
are given in the following : 

(c) i4r«entott« Sulphide Sol. 

A aaturated solution of arsenioua oxide was with twice 

its volume of conductivity water and the resulting solhtion was 
added to an equal volume of the water saturated with hydrogen 
sulphide which was then passed through the solution until all the 
arsenic had been transformed into arsenious sulphide. This took 
about (me and half aa hour. Then a current of hydrogen was passed 
till the sol was perfectly free from hydrogen sulpfode. Hie sol 
was kept in Jena glass bottles wrapped up with black paper in a 
dark place but as care was not taken to have arsenious acid in 
excess the presence of polythionic ions cannot be denied (of, 
Mukherjee and Chaudhury, loe. cit.}. The sols contained about 16 
millimolea of arsenious trisulphide per litre. 

In order to secure a uniform electrolytic environment for the 
colloidal particles as shown by a constancy of the potential gradient 
before and after the migration, acid of slightly greater specific > 
conductivity in the ratio of 1*04:1 was used for the preparation of 
the upper liquid. The diflierent samples of arsenious sulphide sol, 
prepared in the same way showed a considerable difference in the 
rate of migration per unit potential gradient as also a difference in 
electrical conductivity (c/. Mukherjee and Chaudhury, loc. cit.). 

Table 111. 

Temp. 35*’. 


Ssmpis Mo. 

I 

11 

III j IV 

V ! 

j 

VI 

Bate ei aoigrattoD 

1 64*7 

62*2 

60*8 i 85 6 

J 

61*6 1 

1 

68*6 


(6) Gold Sol. 

Tb# aol was prepared by Zsigmondy’s nucleus method (Mbiduii^ 
jee and l^q^aoenstaaliaou. J, Chem. 8oe., 1090, |17, 1808). 




49S MUEHEBJSB, CfiAUDHXTSSr AVD EAl 

<9to aoocmBi ot the. dMagwiod ia tlw diem^ b otwo ii i 41iri<itllgw 
iwattritey aniliiAjria^ple afflaoOT iaalutioa friuAh wm «l 
uMd. as idM tipper ii^iid itis mob poMible to eeeure a stiMe felMih- 
dary under suoh conditions as the colloid runs upwards in elveailEs. 
This difficulty howsiver Taxtiidied on using tlm ftdlowi^ procedure 
whioh also secured a liquid identical in ioi^o environaaent with the 
intermicellary liquid (as shown by the constancy of the potential 
gradient) and probably also identical with it in composition and 
density. 

The original sol was at first precipitated with barium cfalocide 
s(^utioa and allowed to settle. The supernatant liquid was 
alkaline. Its pH was carefully determined from E.M.F. measure- 
ments. A potassium hydroxide solution having the smm pH was 
prepared in water and formaldehyde and ether were added to it 
in the same proportion as in the preparation of the sol. The 
solution was then boiled for a minute, i.e., for the same time as 
in the preparation of the sol and cooled in a baAh of cold watar. 
A solution of potassium chloride of moderate concentration was 
inrepwred from portions of this liquid. The requisite quantity of 
the potassium chloride solution so prepared was added to another 
portion of the {d>ove liquid so that it had a specific conductivity greater 
than that of the sol in the ratio 1*06:1. The boundary was very 
^harp and stable and did not give any trouble. The a<d had a 
tendency to settle. The rate of settling was recorded for sometime 
before and after the application of the electrical field. The rate 
of settling does not remain uniform. On keeping the tube imdiB- 
tucbed for 12 hours it is found that the boundary at first falls 
through a short distance and then remains steady. Also it appears 
that the rate of fall of the boundary after filling the tube depends on 
the rate at which the colloid level rises in the tube during the filling 
operation. These peculiarities are probably in part to be referred 
to local variations in viscosity and density. One might) reasonably 
that these factors vary in such a manner during the dirept 
' and reverse movements that the mean of the two measure- 
ments will give the real rate of migration. Apart from any error 
inhwent in the above assumption one has to remember that the 
conditions of an tleeiricaUy stable boundary are not satisfied in •the 
case of 'reverse' movements. But from numerous measurements 
oa^ tl^ npd o^ber aols.it appeMrs to us ihat When' ihs ionic enctnm- 
fmnt ia wlwtwe have been able to realiae in thete meaauremen^ the 
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«rror mvolped in thi$ uncertainty ie not more than B% , i.e., the mean 
tntqf oa*tdhen to be correct within 1*5%.* The actual data of the 
Battling are alao given in the tables dealing with this sol. It a ho uld 
be noted that even in the direct movement the settling was greater 
:tilijan the movement towards the anode for the potential gradients We 
have employed. 


(c) Copper Ferrocyanide Sol. 

Nearly equivalent quantities in solution of copper sulphate and 
potassium ferrocyanide crystals were mixed. The ferrcicyanide 
solution was slightly in excess. The precipitate was filtered, . care- 
fully washed and transferred to a beaker. On keeping in contact 
with pure water overnight it peptised and was then dialysed for 
about a month and a half. It still contained a trace of ferrocyanide 
as is to be expected from the well known work of Duclaux. 

As the upper liquid we used in this case, an equally conducting 
potassium chloride solution which gave satisfactory results in agree- 
ment with theoretical considerations. 


Results .\jrD Discussions. 

In the following we have taken the mean of the direct and 
revetse movements to correctly represent the rate of migration. 
From the constancy of the potential gradient we consider that the 
electrical environment remains sufficiently uniform and constant 
during the migration and we think that we are justified in taking the 
mean of both movements as, the observed rate from the agreement 
between the two values. Besides the gravitational fall of the 
particles has always to be taken into consideration. For the arse- 
nious sulphide sol the settling is small. 

T. Effect of Dilution. 

Viscosity corrections were made for all the sols, taking the 
visoosfty- of water at the temperature to be uyity. In the case 
•of tjie gold sol only three measurements could be taken because 
ef the low visibility of the boundary at higher dilutions. For the 
dduted sols tiie liquid used as upper liquid for the original samp^ 
WAS diluted oonrespondingly. 

28 • 



500 UtTEHBBJBB, CHAUDfiUBY ANU RAl dBOUDBUBX 


, Tabus IV. 

Aneniou9 Sulphide 
Viscosity of woter=0-()07283 (85»). 


ptlnlion in ratio 
of volume of origi* 
mil sol to that of 
water added to it. 

Relative 

visco^iity. 

Direct, 

Reverse. 

Mean oorrecta^ 
rate of migration,. 

pure sol 

1027 

60-3 

56-7 

eoa 

1:1 

1*023 

58-6 

66*7 

58*9 

i:a 

1-014 

65-8 

54-0 

55-7 

l:K) 

IMO 

1*005 

1-005 

17-2 

17-78* 

17-4 

17-2* 

1 

l:2a 

1:20 

•098 

•9i:8 

11-2 

12-7* 

11*5 

13-4* 

1 la-B 



Table V. 




am 

Sol, Tcttij), 35**. 


DUution. Viscosity. 

Settlia<r c f the 
boundary in centi- 
meters. 

Corrected 
Velocity. rate of 

migration. 



Before. After. 

Direct. 

Reverse. 

Pure sol 1017 

20 

0*42 0*24 

—10-0 

411 J6S 

l:l 1*011 

13 

0-75 0-25 

—31*5 

61*7 10*2 

1:3 101 

15 

0-33 0-27 

—27 -6 

38-6 5-6 



Table VI. 




Copper Ferrocyanide Sol. 

Temp, 35 

o 

Dilution. 

Viscosity, 

Direct. Reverse. 

Mean corrected 
rate of migration. 

'*pure sol 

1-413 

52-2 

47-6 

70-6 

1:1 

1-lS 

40-5 

39-7 

500 

1:3 

1-001 

44-0 

28-9 

45 3 

1:10 

1*04 

28-3 

29*2 

29*U 


Wo observe in each case that the rate of migration per unit 
potential gradient^as also the specific conductivity decreases, on diln* 
lion. The presfitat measurements have been carried out pnder more 
satisfactory and improved conditions than those obtaining ^n 

Meagurement taken after 3 days since mixing. 
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• . * * 

Mukb^ee’s earlier observations <loc. cit.) and there is not the same 

uncertainty of about 12% in our. results. The decrease in the rate 
of migration of arsenious sulphide sols from CO to 12 leaves no doubt 
as to the effect of dilution. The arsenious sulphide sol seems to 
. behave differently from the others in the initial stages of dilution 
where the rate varies very little at first for this sol. whereas there 
is a big drop in the other two cases. Assuming that the rale of 
migration represents the density of the charge we find that for 
arsenious sulphide sol the conceutrntion of anions (to the primary 
adsorption of which the charge has to bo ascribed) does nol suffer 
marked diminution in the initial stages of dilution. The effect of 
the observed diminution in the charge will be to make the sol uns- 
table on dilution against coagulation by electrolytes. Mukherjec and 
Sen (see also Kruyt and Spek) first pointed out that arsenious sul- 
phide sols on dilution show a diminution in stability against preci- 
pitation by trivalent and an increase against univalent cations. They 
i^lso found that depending on the extent of dilution the sol showed 
a diminution, or increase in stability against (divalent) barium ion. 
Burton and Bishop (.7. Phys. Chem., 1920, 24, 701) who later 
generally confirmed the above observations, tried to classify the 
electrolytes on the basis of the valency of the cations. This is 
evidently erroneous as appears from the behaviour of the sol against 
precipitatiqn by barium ions. The diminution in stability observed 
against trivalent cations has been explained by Mukherjec and Kruyt 
on the ground that on dilution the colloid-Hquid interface also 
diminishes. The decrease in the charge on dilution we have 
observed would diminish the stability and the increase in distance on 
dilution would act oppositely. But those factors would act in the 
same manner for different electrolytes, lihe explanation of the 
• behaviour of the sol in the presence of trivalent cations referred to 
above thus remains valid. It has been argued by Weiser and Dhar 
that the adsorption ^of both chloride and potassium ions is consi- 
derable and that on dilution the ratio of the adsorption of chlorine' to 
potassium ions becomes greater so that the negative charge of the 
partitjles is greater for a diluted sol. Ghosh and Dhar (J. Phy$. 
Cljfim., 1927, 81 , 193) in fact, have analytically meastired the simul- 
taneoul adsorption of copper and chlorine ions in* the case of 
positively charged manganese dioxide sol and found that “ the ratio 
of the amount of adsorption of cupric ion to that of chlorine ion* Is 
greater " with a diluted sol than the concentrated one. On account 
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'of analytical difficulties, we-tiiink'tbat this indirect eyidenca is not 
satisfactory and that direct measurements 61 the charge are 
necessary. Such measurements are in progress. 


Ilk Effect of Non-eleotrolytee on the Charge of Araenioue Sulphide 

Sol (S. G. C.) 

Preliminary measurements have been taken with ethyl alcohol, 
methyl alcohol and iso-amyl alcohol. The upper liquid taken, was 
hydrochloric acid of slightly greater conductivity than that of the 
colloid with the same percentage of alcohol. Under these condi- 
tions the potential gradient before and after the movement of the 
boundary remained constant and the colloid-liquid boundary was 
very sharp. In considering the effect of the addition of non-electro- 
lytes, the consequent variation in the osmotic and activity co-effi- 
cients of the electrolytes have to be taken into consideration. 
Besides it has to be remembered that the initial rate of migration 
on the addition of the nou-electrolytes and in the absence of elec- 
trolytes is different. Further in interpreting the influence of non- 
electrolytes, the effect of the change in the di-electric constant both 
in the bulk and in the double layer (the two are perhaps not the 
same; cf Bom, Z. Phyaik, 1920, 1, 45, 221; Debeye and Macaulay, 
Annual Reporta, Chem. Soc„ London, 1025, p. 85; 1026, p. 128) have 
to be taken into consideration# We give below some observations 
which go to show that ethyl alcohol diminishes the rate of migra- 
tion. cause of the theoretical interest of such measurements a 
detailed investigation is in progress# 


Table VII. 


Concentration of iiydrochloric acid » 0*0 


Ethyl alcohol 
0 


3 * 

6 


Corrected rate of migration 
405 
, 88*7 

86 


Table VIII, 

doncentration of hydrochloric ocid^O'OfWO N. 

% of Eth^ alcohol (by volume) Corrected Yate of raigratfion 

0 47*8 

21 46*6 

6 41*4 

10 ' 40*2 
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111. Variation of the Charge of Areenioue Sulphide Sol with Concen- 
. ^ tratione of tingle Elecirolyiee : 

Table IX* 

Hydrooholrio acid. Temp. S5*’. 


Bate of migrotiai 


Concentration of 
electrolyte 

\ 

1 Direct 

. 

Reverse 

*14040 

1 

0 ! 

i 64-0 

49-0 

520 

-001 N 

: 50-9 

45-2 

4S‘l 

•ooa N 

j 40-9 

45-9 

48*4 

•004 N 

88-7 

44-5 

41*6 

•04 K 

1 

39-4 

42*8 

406 


Table X 

Potattium Chloride. Temp* 85". 


• 


Bate of migration 


• 

Electrolyte concentra- 
tion. 

Direct 

1 Reverse 

Mean 

0 

i 64*7 

I 

55-4 


‘00002$ N 

56-0 

i $1*6 (f) 

58-6 


■OOOOK N 

50-2 

53-8 

51-5 


•0001 N, 

49-3 

51-7 

60-5 


*0002 N 

44-2 

45-1 

44-6 


*001 N 

40-6 

48-9 (?) 

43-8 


‘002 M 

88-6 

I 40*6 ' 

89*6 


•01 N 

86-6 

j 87*2 

36-9 


* ‘02 N 

33*1 

I i 

84*8 



* Tb6 measoremerits with hydrochloric acid were not as aatiafaetory «a conld be 
realised. This is evident from the greater difference between the direct and reverse 
Movements. 
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Table XI. 



Sodium Benzoate.^ 

TemF*B6^. 


Blactrolyta ooncentra- 
tiOD 

Rate of migration 

Direct 

i 

! 

Reverse 

ICeui 

e 

62*2 

64*0 

68*1 

*00006 N 

64*2 

63*1 

68*7 

•OOOLN 

1- . . 87*1 ' 

64*6 

66*0 

*001 N 

80-n 1 

49*6 

49*8 

•002 N 

AS^I 1 

48*1 

48*4 

OiOiS N 

45*8 1 

46*2 

46*0 

•006 N 

47-2 1 

47-4 

47^8 

01 N 

47*6 i 

\ 

48*6 

48*1 

•01 N 

46*9 I 

48*8 

47*9 

•04 N 

46*2 '• j 

47*8 

47-0 

•1 N 

• 41*4 

42*6 

420 


Table XII. 

Sodium Citrate. Temp. 36®. 



Rate of migration 

Electrolyte concentra- 
tion 

Direct 

Reverse 

Mean 

0 

47*30 ' 

48*7 

48 

f *00006 N 

46*1 

46*6 

46*3 

•0001 N 

49*2 

48*4 

48*8 

*002 K 

49*7 

50*7 

60*2 

•01 N 

51*8 

60*6 

61*2 , 

•1 N 

46*6 

49 

47*8 


■f I hiii initial (iwirwme .hiw hnen ennfirmeii with nnnth^r •ol. 
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■ Table Xfil, 

Potatrium Ferroeyanide. Tamp, 85". 



■ Rate of migration 

Blectrolyte concentra. 
tion 

Direct 

Reverse 

Mean 

0 

61-5 

67*9 

S%'7 

'00* N 

57*6 

65-9 

; \ 

\ 56*7 

•01 N 

66-2 

: 66*8 1 

1 66 2 

•08 N 

i 

66*8 

1 

j 63*2 1 

1 i 

65 


We find that in the case of hydrochloric acid and potassium 
chloride’ there is a decrease in the charge at all - concentrations. 
Sodium benzoate shows two maxima followed by the usual decrease. 
Sodium citrate shows an initial decrease followed by an increase. 
The charge again diminishes. Potassium ferrocyanide shows an 
initial decrer.se and then an increase which persists upto the highest 
concentrations recorded. The initial variations with these three 
electrolytes are complex probably because of interactions between 
the anions in the surface and those in the added electrolyte includ- 
ing hydroxyl ions which are likely to be present as a result of hydro- 
lysis at least in the case of the benzoate and the citrate (ef. 
Mukherjee and Chaudhury, loc. cit.). Sodium citrate.and potassium 
ferrocyanide show a higher charge than that of the pure sol upto 
a concentration of O’Ol N and 0'03 N respectively. Considering the 
effect of these electrolytes on the charge alone and comparing equi- 
valent concentrations we find that potassium ferrocyanide ought 
to have the greatest stabilising effect, sodium benzoate coming next 
after it followed by sodium citrate. Tlie chloride ion is compara- 
tively weakly adsorbed. 

W e would refer here to the following earlier measurements with 
sod iuip and lithium chlorides which show that there is actually an 
-increase in the negative charge at low concentration in the case 
of lAhiuqp and soditim chlorides and that the initiaf increase is 

^ 7he iD6atDremeDt6 for ibp cooimtiuti ws • j* 000025 J2 * wd- * 001 in . . cmo 

of /^asaiino. cfeloridiB show a ’ greater. . diyergeooe between ibbo: . aipid 

moTements thsin in the oasii of the othaiSv * 
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iw lithium thaa fcir aodium, ; wlieraas w h*T« just ohssrusd 
that potaadum ohloride and hydroehloric aoid show a diminution 
at ail eohoentrations studiad. 

Taulb XIV. 

. Sodium Chloride. 

Cone, of the electrolyte Bate of migration 


0 

61 

•00008 N 

67*8 

•0001 N 

64*2 

•OOOO N 

48-7 

•031 N 

46*4 

•02 N 

89*8 


Table XV. 
Lithium Chloride. 


i. of the electrolyte. 

Rate of ikiij/ratid 

0 

61 

•00006 N 

59*7 , 

•0001 N 

661 

. .;0D05 N 

47 

•006 N 

48*6 


Be|[arding the tnterpiototion of this rise in the rate we would 
refer' to the eohsiderstlons set forth by Muhherjee and Iyer (J. f?»4. 
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In^im Chfifn. 8»e., 1926, 8, 807,) which show thal; the ialtial rraa ic 
to be aaeribed to the adsorption of chlorine ions. 

IV. Variation of Charge with Mixtures cf Electrolytcf. 


Taslb XVI. 


Sodium chloride and eodium benzoate Temp. 35® 


0<mc» of Bodi- 
ttno obiortde. 

Cone, of sodi- 
um benzoate 

Bate of migration. 

» 

Direct. 

i 

1 

Heverse 

f 

Mean. 

0 

0 

54*7 

56 

55*4 

*005 N 

0 

43*5 

433 

43-4 


•001 N 

46-7 

46-2 

46-5 

• « 

-002 N i 

44*4 

45-4 

44-2 

• f 

•005 N 

37-6 

87*7 

37-7 

• I 

h- 

•01 N 

j 

33 

33-9 

33-5 


Table XVII. 

Sodium chloride and sodium Oxalate Temp^^o^* 


Hate of migration. 


Gone, of Bodi- 
bm chloride. 

1 

Cone, ofaodi- 
iim oxalate. 

1 

1 

1 Direct . 

1 

i 

lieverse. 

• 

Mean, 

0 • 

• 

0 


56 I 

55*4 

005 B 

• 

0 

43*5 

48*:) 

43-4 

•» 


46-2 

48-8 

47-3 

• 

• t B ' 

•002 N 

-14*9 

45-8 

45-4 

»» 

•005 N 

43 

45 

44 

»• 

•01 N 

40-5 

4S*6 

41-6 


29 
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Table XVtII. 

Boditttn chloride and codium citrate Temp. 85°. 


Cone, of srdi 
uru chloi ide. 

c 

i Cone, of aodi- 
iiiii citiate. j 

Bate of migration. 

% 

1 

1 Dir^t* 

Beverae. | 

Mean. 

0 

0 

64-7 

56 

55*4 

•0Q5 N 

0 

48*5 

48*8 

' 48*4 

tf 

•001 N 

43*8 

48*1 

48*5 

• t 

•002 N 

47 8 

48*6 

48-2 

!• 

•005 N 

44*9 

1 43*8 

j 

44 4 

»* 

•Cl N 

30*9 

I 37*6 

1 * 

86*9 


Table XIX. 


Barium Chloride and Sodium Benzoate. Temp. 85 °. 


Cone, of bari- 
um chloride. 

Cone, of Bodi- 
uin benzoate. 

Bate of migration 

• 


Direct. 

Beverae. 

Mean. 

0 

0 

55*5 

51*5 

53*5 

•001 N 

0 

' 20 7 

19*7 

f 

20*2 

• . 

•034 N ! 

40-9 

40*7 

40*8 

• 1 

•0567 N 

45*3 

45*4 

45*4 

• * 

‘ 085 N 

45 

43*4 

44*2 


• 1184 N 

40 8* 

41*2* 1 


41 

II 

4 

II 

40 -e* 

(9) 381* 

* 

36-9 

• 1 

11 

40-2* 

4oa* j 


40-2 
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Table XX. 


.Calcium Benaoate and Sodium Benaoate. Temp. 35 °. 


CoDCe ci Cfti* 
ciuni beosoaU 

Cnnce of «odi- 
am benzoate. ' 

Bdteof migriition. 

i 

1 

Direct. 

Heverse* 

Mean. 

0 

0 

65 5 

51-5 

■- 

58-5 

-0015 N 

0 

9-6 

8-5 

0-1 

•t 

-084 N 

88-8 

C8-0 

88*7 

«• 

•0367 N 

47-4 

46 

46*7 

II 

-085 N 

44*8 

45-9 

45* i 

If 

•1134 N 

i 

33 0* 

a3V4* 

33*3 


Table XXI. 

Barium chlcride and sodium chloride. Temp. 


Cone, of 

Cone, of 

Bute of mijr;it*on. 

barium chloride. 

Bcdiurii chloride. 

Direct. j 

1 Uevear. 

Mean. 

0 

0 

55-5 

51 5 

bS*5 

•001 Nb 

0 

20-7 

• 

19-7 

20*2 

a* 

• -015 N 

86-8 

87-7 

87-8 

II 

•025 N 

40-9 

8;i*6 

40-8 

• II 

•0376 N 

88*4 

40*9 

• 

89-7 

te 

a r . 

•05 N 

The sol coa^ulol^d on admixture. 

• 


• In ibeM csms a onrions effect wa« observed. Although the ohsrge wee &och^ 
greeter then that for the single electrolyte, an appreciable amount of the sol eoagn- 
lalfd in the tube while meaBniement waa being taken. • 
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Table XXII. 


Magnenum chloride and sodium chloride. Temp. BS^. 


Cone, of 

magnetiiim ^loiide. 

/ 

Gone, of 
sodium chloride. 

Bate of migrAfyb. 

1 D reot. 

Beverse. 

’ Mean. 

i 

0 

0 

61-5 

67*9 

59-7 

*0015 R 

0 

15 

16 

16-5 

t* 

•015 N 

82*4 

88*9 

38-2 

• s 

•025 N 

42-4 

42*4 

42-4 

f* 

•0376 

43-1 

42 

42-6 

1 


•05 N 

1 

i 

1 The sol coagulated on admixture. 


Table XXIII. 

MagneHium chloride and Lithium chloride. Temp, 3S'‘ 


GodIo. of 

magnesium chloride. 

Cone of 
lithium chloride. 

Rate of migration. 

Direct. 

Reverse. 

Mean. 

0 

0 

61*5 

67*9 

69-7 

*0015 N 

0 

15 

16 

15*5 

f ’ 

•016 1?^ 

24-9 

97*2 1 

26*1 

f» 

•027 N 

46*9 

45*2 

46*1 

If 

•04 N 

51*5 . 

. -49^ 

® 0*4 


. t . . 

it. ,.1^.., ■...,‘■,1,. 
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Tabus XXIV. 

PoioMiutn ehUnide and Potaaskim ferrooyanide. Temp. B$*. 


Cone, of 

piSsMBilBi eblocido. 

Cone, of potas- 
sinm ferroey aside. 

Bate of mifrration. 

i 

liean. 

1 

Direct. j 

'Beverae. < 

0 

0 

OT*6 

Hr^ ' 

wn 

•004 U 

0 

50-3 

501 

50^S 

*• 

•004 N 

60-6 

59 

69^ 

•• 

’ *01 N 

49 

49*3 

^•a 

Vf 

1 -03 N 

19ie 1 

Bol coai^olated 

1 

■ 


i 


AtteErtion has of late been dkeetad to the probJem of fhldiijg itn 
explanation for the so-called ionic antagonism which plays aniln* 
portant part in the biological sciences (cf. Fretmdlieh and Sdlailst 
KpU. Beifc., (1922). «, 207 ; Miikherjee and Ghosh, loc. cf*.)., 
XnvestigatlonB dealing'with the general aspects of 'Hie prdbleu of 
coagulation of colloids by mixtures of electrolytes hsire been'tdso 
carried out by Weiser (J. Phys. Chem., (1921), 28 , 985, ’212, 282 , 
(1924), (1920) 80 , 20. and (1926) 80 , 152^, XSiTcjBh BUfl llhar 
(/. Phys. Chem., (1925) 29 , 485 and 659). arid Seri (s. anorg. 
Chem., 1925, 149, 180; J. Phye. Chem., (1925) 20 , 817. 

and by Kfliyt and Willigeri (X. Akad. Wenteneeh, Amiiirdtim, (1926) 
29 , 484). ^ 

The experimental work on this subject has centred round 
measurements of coagulating values and some limited me a a u r e- 
ments of adsorption of the ions of the electrolytes, mostly carried 
out by Weiser. The absence of measurements of ohargeis has 
already been commented upon. Mukherjee and* Gho^ (loc. dif). 

* first worked with mixtures of electrolytes having a •common cation 
and concluded (p. 220) “that even in cases where the displacemrat 
of adsorption of one cation by another is npt possible the eflbct of 
the anion is as pronounced as in the case where displacement of 
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adsorption may occur in addition.” They also state (p. 228) ” the 
initiai rise in charge at low electrolyte concentrations is to a large 
extent responsible for all these effects.” 

From the data given above we find that there is evidence of an 
initial ihprease in the charge on the addition of citrate, benzoate and 
ferrocyanide. In each of the Tables from XVI to XXIV the charge 
of the colloidal particles under the following conditions have been 
given : 

(a) without any electrolyte, (b) with only the electrolyte 
whose concentration remains fixed, and (c) with different 
concentrations of the second electrolyte. 

A comparison of the charges under conditions (a), (b) and (o) 
just mentioned shows that there is a rise in the charge when the 
concentration of the second electrolyte is small. When the two 
electrolytes have a cation in common, there is no question of a 
displacement of adsorption of one cation by another. In the case of 
benzoate (Table XI) the increase in the charge leaves no doubt as to 
its greater adsorption than that of the chloride ion. In the case of 
the oxalate (Table XVII) and the citrate (Table XII) though there is 
no doubt that some of the anions originally present in the primary 
. layer are displaced by them, the rise as such constitutes no evidence 
as to their greater adsorbability than say the chloride ion .for a 
slight displacement will increase the negative charge because of their 
greater valencies. Some displacement can be expected even if their 
adsorbability is smaller. In Tables XIX to XXIII the electrolyte 
with a fixed, concentration contains a cation of higher valency. In 
I'able XIX there are two cations and two anions and in Tables XX 
- to XXIII we have a common anion. The displacement of the adsorp- 
tion of a divalent cation {barium or calcium) in the fixed sheet of 
the double layer by sodium ions is definitely proved from the data 
recorded in the three Tables XX to XXII and we are dealing with an 
interchange of ions in the double layer of the type referred to by 
Mukherjee and Iyer (loc. cit). That magnesium is more weakly 
adsorbed than barium is evident from their respective effect on 
sodium chloride,- 

From Tables XXH and XIII (see also Fig. 1) we find that at lo'v 
concentrations lithium has a smaller effect on the displacement of 
. the adsorption of magnesium ions than sodium has in keeping with 
its lower adsorbability. In discussing these cases of displacement of 
adsorption on the bas's of the variation in the charge we have to 
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raoMBBklMV tliftt besidds the relative adsotbability vve have to conaider 
the valeneiea. Considering the portion of the lithium chloride curve 
below that of sodium chloride we see that though the displacement 
of the adsorption of magnesium chloride by lithium is less, as the 
concentration of the lithium coloride rises, the displacement increas* 
es and on account of the weaker adsorbability of the lithium ions, 
which begins to be felt more end more strongly from about a con- 
centration of '0]6 N., the negative charge rises abruptly until it 
passes over the curve of sodium chloride. At higher concentrations 
the relatively greater adsorbability of sodium ions lowers t}ie nega- 
tive charge to a greater extent. 

In Table XXIV we have a common cation and two different 
anions. The increase in the charge on the addition of potassium 
ferrocyanide shows clearly the primary adsorption of the ferro- 
cyanide ions. It does not mean however that the adsorption of ferro- 
cyanide ion is considerably stronger than that of chloride ion as 
there is a difference in valency. The adsorption of the ferrocyanide 
•ion would seem to be stronger than what appears to be the case from 
the above data if the concentrations are expressed in terms of gram 
ions and not in terms of gram equivalents. 

From the above we see that both the displacement of the cation 
and ihe adsoiption cf the anion have to be considered in explaining 
the coagvlation of colloids by mixtures of electrolytes. Also that both 
these factors affect the coagulating concentration of the second elec- 
trolyte through an increase in the negative charge of the primary 
layer. 


V. Relation between Charge and Coagulating Concentration. 

Regarding however the relntionshiup between the charge and the 
coagulating con cenJtrat ions we find that these are not simple. We 
would like to point out that in many cases it was noted that the sol to 
which two electrolytes have })een added coagulated although the 
charge of the particle was much higher than in the, absence of the 
second electrolyte {vide Tables XXI and XXIT, c.p. also XX). 
Obviotisly the stability is not so directly related to the charge as is 
generally believed to be*the case. Thus the electrolytes with di^n« 
lent cations depress the charge enormously. We have stable s^s 
with these electrolytes where the particles shovi a rate of migration 
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riBgiag from flO to m Cur m low m 9 (imloium beaBoato). Fnub , tl» 
slobo of tbe etuve with potBsnuia, Bo4iom or litfrimn ehlovid« w* tko 
added electrolyte it would appear tkot eoafoiaMon tahee place boCuo 
a velocity of about 20 baa been veacbed. We would particularly 
refer to the low charge with calcium beuBoate. 


FaXNCA& OxaMMmT l«ABOB*»Mr, 

UiariiMiVY Oin.hw* «r ktcuBuca amb Tecavo o«t, 
Oau;ot*a. 


Seeriv$d Auguoi 18 , 1887 . 



ERRATA 


For 

Read 

Page 

Line 

Only 6 g. 

Only 0*6 g.m. 

431 

16 

Manganese Dioxide on 

Manganese Hydroxide on 

482 

15 

Nickel Hydroxide. 

Nickel Hydroxide. 



Rare earth 

Rare earth oxide 

485 

10 

2 email pieces 

Small pieces 

485 

28 

Rose from 

Rose slowly from 

486 

19 

Rt^lll* 2 Etg 4 

PtCl,« 2 Et. « ••• 

468 

2 

Pt01„^0,H* (pH,). 

2 PtCl,. 3 C.H. (NH,), ... 

468 

25* 

Ag Cl NH 

Ag CINH, 

468 

80 




TIm Cyolie PpooesMs involYed in the Mannfaetnre of 
Sodium Nitrate from Chilean Caliche. 

By Mohammed Abdul Hamid. 

Sodium nitrate occurs in large quantities in South America and 
is generally known as Chile Saltpetre. The crude material from 
trhioh the Chile saltpetre is manufactured is commonly called 
eoltohe. 

The main constituents of the water soluble products of most of 
the nitrate deposits of Chile are the nitrates, sulphates and chlorides 
of sodium and in smaller quantities those of calcium, magnesium 
and potassium. To these may be added the chlorates, borates and 
iodates and salts of aluminium, iron and chromium, which occur in 
very smali quantities. 

The raw material is usually crushed to small pieces and then 
leached with water according to various modifications of the Shank's 
process. The Aqm Vieja or the cold extract is then taken to the 
boiling tanks where the necessary amount of evaporation is carried 
out. The caldo or the hot liquor then goes to the crystallising vats 
where it ia allowed to cool and the crystallised salts removed by 
filtration. The mother-liquor, after the addition of the requisite 
amount of water to it is used again for the leaching operations. 

As mentioned above the main constituents of the water-soluble 
products of most of the caliches are the sulphates, nitrates and 
chlorides of sodium. The solubility of sodium chloride ^ nitrate 
liquors is not much affected by change in temperature and since it 
occurs as a solid saturant at all stages, its presence may be disregard- 
ed. The system, H4O— NssSO^-NalgO, at 25“ has been recently 
investigated by the author (J. Chetn. 80c. , 1926, 189 206).' The 
addition of sodium chloride to this system will cause a slight change 
in t^e solubilities of the two salts but will not affect the nature of 
this system since sodium chloride is not knovjp to form any 
dbmp^unds with either sodium sulphate or sodium nitrate. We 
shall therefore suppose that the relations in this system at 25® are 
those shown in Fig. I even in the presence of excess of so^iun^ 
chloride, Thit fighre is taken from the paper above mentioned. 
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It will be seen by relerenee to Fig. I, that the system 
NsaSO^— NsNO, at 25° is complicated by the existence of a 
hydrated double salt which is composed of one molecule of sodium 
sulphate, one molecule of sodium nitrate and one molecule of water. 
The composition of this compound is represented by the point D in 
weight percentages in Fig. I. The following points may carefully 
be noted in this figure : — 

(t) Points in the area cAD represent complexes of the solution o 
and of the two solids sodium sulphate and the compound D in vary- 
ing proportions. 

(tt) Points in the area dDB represent complexes of the solution d 
with mixtures of sodium nitrate and the compound D of varying 
proportions. 

(tit) Points in the area DAB represent dry mixtures of sodium 
nitrate, sodium sulphate and the compound D. No solution can 
exist here because there is not enough water to combine with sodium 
sulphate and sodium nitrate to form the compound D. 

In order that the phenomena which occur during the leaching of 
caliche may be properly understood, we shall study the behaviour of 
dry mixtures of sodium nitrate and sodium sulphate of varying 
compositions on the gradual and isothermal addition of water at 25°. 
Suppose ni and n, represent the number of mols. of sodium nitrate 
and sodium sulphate in a given nitrate-sulphate mixture. Three cases 
may be distinguished. When, 


(i) 

!Li=i 

n. 

or 

m 

tt 

II 

Ui) 

!Ll< 1 

or 

»i> », 

(Hi) 

1 

or 

n, > n 


n. 


or expressed in proportions 

by weight. 

when. 


(i) 

w, _ 85 
w, 142 

or 

w, 

(«) 

^_85 
w, ^142 

or 


(iit) 

V 

O 
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'00901. When nissn, i.e., when the mixture ecmteine equal 
numl^er qf mols. of sodium sulphate and sodium nitrate. It is clear 
that u%ien a certain amount (n mols.) of water is added to sucha 
mixture, the whole of sodium nitrate will combine with the whole of 
sodium sulphate to form the hydrated sulphate-nitrate compound D. 
Wo shall see the various changes which take place on the gradual 
and isothermal addition of water to such a mixture at 25®. 
Expressed in weight percentages, 

u;j + u»,=100 


Wi = '6w 

• 

u;,=: 87'5 and 62*5 i.e., the mixture contains 87*5 parts 
by weight of sodium nitrate and 62*5 parts by weight of sodium 
sulphate. The composition of this mixture is represented by the 
point C in Fig. I. On the gradual and isothermal addition of water 
to this mixture at 25® , the composition pf the complex so formed 
would change along the line CW in the direction CW. It may be 
seen that the point D which represents the composition of the 
uitrate-sulphate compound lies on the line CW, i.e., it contains 
sodium sulphate and sodium nitrate in the same proportions as is 
contained by the dry mixture C. Suppose so much of the water is 
added to the mixture C that the composition of the complex is 
represented by a point on the line CW between the points C and D. 
Sirce this point lies in the area DAB, it is impossible for any solution 
to exist (see above) and the complex will therefore consist only of 
dry mixtures of sodium sulphate, sodium nitrate and the compound 
D. When so much of the water has been added to the mixture C 
that the composition of the complex is represented by. the point D, 
the whole of sodium nitrate combines with the whole of sodium 
sulphate and the whole of water added to form a homogeneous solid 
phMe of the composition D, i.e., the nitrate-sulphate compound. 

’ From this point onward therefore we may regard further dilution as 
the diBSoiutioIi^of the compound D in wgter. This dissolution is not 
normal, since water»cau8e8 the dissociation of a portion of the solid 
D info its respective components and the solid in contact with 
solution is of a heterogeneous character consisting of a mixture of the 
com'pound D and one of its dissociation products, sodium sulphate. 
Suppose the composition of the complex at any one time is represent- 
ed by* the point Ci. This point represents a complex of the 
solution c and of a mixture of solid D and solid sodium sulpt^atC'^ 
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in Ihe prop^ion of, 

o cy cG^ 

parts of the solution o and parts of U+Na.SO*. 


The prc^rtion of JD and NaaSO« in the solid mixture is given 
by the ratio in which the line cf7i when produced divides the line 
DA, i.e.. 


AG\ 

AD 


parts of D and 


0/ iD 

parts of NatSO«. 


In* order to keep the composition of the solution c constant, 
inore of the compound D disdociates on increasing additions of 
water. Thus when the composition of the complex is represented 
by the point C, the proportions of the compound D and of sodium 
sulphate in the solid mixture are, 

D AC^ 

— parts of Na,SO« and ' parts of D. 


It may be observed here that the whole of the sodium nitrate 
which is produced by the dissociation of the compound D is dis- 
solved while the solution dissolves only a porticsa of the sodium 
sulphate which is thus produced, the rest being precipitated as such 
in the solid form. Therefore on the addition of increasing amounts 
of water, the proportion of sodium sulphate in the solid phase goes 
on increasing while that of the compound D goes on decreasing and 
the solutimi in all these changes retains the constant composition o. 
When so much of the water has been added that it effects the 
complete dissociation of the compound D, this compound disappears 
as a solid phase. On further additions of water therefore, the 
composition of the solution changes along the curve cb in the direc- 
tion cb i.e., in a direction in which the solution contains diminishing' 
quantities of sodium nitratp. We are not concerned here with these 
changes. Our only object has been to show that on the isothermal 
addition of water at 25° to a dry sulphate-nitrate mixture which 
'contains equal number of molecules of sodium sulphate and sodium 
nitrate, the fitrongest solution that can be obtained with respect to 
■sodium nitrate concentration is of the eompesition.o. ^ . ' 

Gaae II. When n, > n, i.e., when the number of moleoules of 
sodium sulphate exceeds the number of molecules of sodium nitrate 
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in ^ *T mi*tia» or ttzpreMed in proportions by woight when the 

^ three-fifth of the weight of 
■o^ksn sul^iate in Oie dry mixture. The composition of one such 
mbdiure in giwn by the point E in Fig. I in weight percentages. 
When so much of the water is added to the mixture E that the 
composition of the dry mixture is represented by the point Ej, the 
whole of the sodium nitrate present combines with the whole of 
water added uid three-fifth parts by weight of the whole of sodium 
sulphate present to form the compound D and the excess of sodium 
sulphate remains as such in the solid form. is therefore a dry 
mixture of 


AB, 

AD 


parts of D and 


E,D 

AD 


parts of NsaSOf. 


The various changes that occur on the gradual addition of water 
at 25° to this mixture along the line EW in the direction EW can 
be deduced in the same manner as in the first case by reference to 
Fig. I. It will be seen here that as in the former case the composi- 
* tion of the strongest solu tion with respect to sodium nitrate concen- 
tration which can be obtained from a dry mixture in which the molar 
ratio of sodium nitrate to sodium sulphate is less than one is given 
by the point c in Fig. I. 

Case III. Whenni > n, i.e., when the number of molecules 
of sodium nitrate exceeds the number of molecules of sodium sulphate i 
in the dry mixture. Suppose 

ni=:n,+x. 

When n, mols. of water are added to this mixture they will 
combine with n-a mols. of sodium nitrate and the whole of sodium 
sulphate to form mols. of the compound D and the solid mixture 
will at this stage contain n, mols. of D and x mols of free solid 
sodium nitrate. These relations ma^be expressed in weight percen- 
tages as follows 

Wi+tl>8= 100 

Suppose s= 

and g — 40 


then 


as to, — = 80 
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t.e.t in ft ihtxiiure wluoli oontaine 40 parte by weight of sodium sui- 
phftte and 60 parts by weight of sodium nitrate, only 86 parte,by 
weight of sodium nitrate will be free to dissolve as such and the 
remaining 24 pmrte by weight of sodium nitrate will combine with 
40 parts by weight of sodium sulphate to form the compound D when 
water inteiraction takes place. The same thing can be shown by 
reference to Fig. I. The composition of a mixture which contains 
40 puiis by weight of sodium sulphate and 60 parts by weight of 
sodium nitrate is given by the point F in Fig. I. The composition 
of the mixture F can be represented either by reference to the line 
AB or to^the line CB. Beferring it to the line CB we have the 
composition of F in weight percentages, 

lOOCF , . „ , lOOFB , , 

F = -Qg — parts of B and -gg — part3 of C. 


We have seen in Case I that when ilB = 100, OB =62*5, so that 
CF=CB-FB •=62*6-40 = 22*6. 


„ 100 x 22-6 


parts of B and — 


parts of O. 


i.e., 86 parts by weight of B or sodium nitrate and 64 parts by 
weight of 0. 

We started with a mixture of 60 parts by weight of sodium nitrate 
and 40 parts by weight of sodium sulphate. Out of 60 parts, sodium 
nitrate is distributed as 36 parts in the phase B or is present as 
such and (60—86) or 24 parts in the mixture C which also contains 
all the 40 parts of sodium sulphate present in the original mixture. 
It may be pointed out that this is only an imaginary distribution. 
The actual distribution of sodium nitrate only takes place in the 
presence of water. 

On the addition of water<at 26** to the mixture F, 'the composi* 
tion of the mixture changes along the line FW in the direction FW, 
Between the points F and Fi it is not possible for any solution to 
exist and points on the line F^F between the points F and F^ r^re- 
sent compositions of dry mixtures of 0, the compound D and the 
phase B or free, sodium nitrate, in other words on account of in8uffi<* 
cient quantity of water, only a part of the mixture C is converted 
i^ito the compound D. When so much water has been added that 
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th^ •exposition of the mixture is represented by the point tiie 
whole of the mixture C is converted into the compound D IiKa 
point F } represents a mixture of the compound D and the phase B 
or free sodium nitrate in the proportion of 


Dr» 

DB 


parts of B or free sodium nitrate and — ■ parts of the com- 


DB 


pound D. On the addition of increasing quantities of water, the 
mixture F yields complexes of the solution d with mixtures of solid 
sodium nitrate and the compound D in varying proportion^. When 
the composition of the complex is represented by the point F, it 
contains 


F F d 

parts of the solution d and parts of the mixture F', 

F *o »<* 

which contains 


DF\ 

DB 


parts of solid sodium nitrate and 


F'.B 

DB 


parts of the 


compound D. On further additions of water when the composition 
of the complex is represented by the point F,, the solution d is in 
contact with a mixture which contains, 


HF'. 

15b 


parts of solid sodium nitrate and 


F.B 

DB 


parts of the solid 


compound D. It is clear therefore that on increasing additions of 
water the proportion of free sodium nitrate decreases and that of 
the compound D increases in the solid mixture while the solution 
retains the constant composition d. When so much of the water 
has been added that the composition of the complex is represented 
by the point F^, sodium nitrate disappears as a solid phase and the 
solution d is in contact with the solid compound D only. If at this 
stage the solution d is separated from the solid compound D by 
filtration, we have, * 

^^«parts of the solution d, P"*® compound D. 

If tliis solid compound D is dissolved separately in « water, we have 
qhown in Case 1 that the composition of the strongest^ solution with 
respMt to sodium nitrate concentration which can be obtained from 
it is that represented by the point o. To sum up we can sajttiha* 
on the isothermal addition of water to a dry mixture of sodium 
nitrate and sodiunq sulphate in which the number of moleculaa of 
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sodium Biimte exoeods the nwnber of moleoules of ao^tim s&pl&te 
by X, we eaa got am amount of the solntioa d corresponding to a only 
j.e.t to the tree nitrate only ai^ an additional solution of the remain* 
ing (combined) nitrate at a maanmum concentration of sodium nitrate 
equal to that oontcuned by the solution c. 

Very recently a process has been invented by Guggenheim 
brothers in America, who claim that *their invention will make possible 
a leaching process operating in such a mamner as to permit a cold 
or tepid leaching of cadiche in a cyclical and orderly mamner, which 
will accomplish substantial dissolution of all the sodium nitrate in 
normal caliches and will permit the production of the entire solution 
as strong solution approaching or exceeding the solubility of free 
nitrate at 25**, in contradistinction to the production of a portion of 
the solution at a maximum concentration of the nitrate equal to 
that contained by the solution c, the production of which is main- 
tained by the authorities in the industry to-day as necessary to 
obtain commercially satisfactory extraction.’ They state that an 
efficient and desirable way of preventing the disturbing influence of 
the nitrate-sulphate compound is by controlling find properly propor- 
tioning the content in the caliches and in the leaching solutions of 
the salts of magnesium, calcium and potassium, which have in the 
past practice of the industry been considered unimportant corstitu- 
ents, srad to the presence of which no significance in this connection 
was attached. These salts can be characterised as those which are 
able to exert preferential combining affinities for the sulphate radicle 
group (SO 4 ,) or for sodium sulphate. The chief of these are salts of 
calcium, potassium smd magne.dum. Stripped of the garb of techni- 
calities, the Guggenheim process can be easily explained by the 
following example : — 

Although the quatemsury system, H,0 — Na.SO*— NaNO,— 
MgSO*— Mg(N08), at 25® has not been worked out or , at least the 
results have never been published, it is probable that the relations 
in system will not be very different from those shown in Fig. II. 
Jackman and Brown (J. Chem. Soo., 1922, 121, 691) have shown 
the only solid phases in the system, H(0 — MgSO«— Mg(NO,), at 
25® are MgS0«.7H,0 and Mg (NO,), .6H,0, but it is very likely 
that the hexa- hydrate of magnesium sulphate (MgSO,, 6 H,G) and 
d'wvep Kieaerite (MgSO .H,0) may appear as solid phases at 25® in 
the above quaternary system. Since it is immaterial for the present 
purpose whether the lower hydrates of magnesium sulphate appear 





ik jlttatMtnaiiy ‘ftjrtftom or nob, they tate iwifc iilKwhi 
Prom this figure it will be Mbfi thht sU tAca% iftui (hM ^ 

*fc* l^utots *» Wd g* the quitemary sohitioiM are in i>^ttli{b|jlh||!|fi Vith 
two aoiida* sodium aatrate in the free state and ahydrdit^lodbfd 
salt ao(Uum sulgiiote uikd magneaiuOi aulphate of the edldii^aidKtiiK 
KFa>,fiU>4.1dg!S0«.4&«O. oommoidy Imown aa AstrakSttf^. llte 
point X represents the composition of a quaternary inTariant (ftHHiSilk 
in equilibtium with tluree uoUds, sodiwn nitrate, Astcsifcwiita |^d the 
sul^mte-nihrate compound D. The addition of a small quMlHy df 
saagnestum nitrate <or of magtaesium sulphate) to the ^dahjirdttry 
invariant solution x, in oontaot with tiie three solids trtth vAm » 
is in equilibrium will split up a poKion of the solid oompotthd D 
(nitratS'Bulphate oompound) into its respective eompobenti and the 
sodium sulphate thus produced will combine with the mSgiieiluin 
salts added to form Astrakanite setting free solid sodium nitrate. 
The meehaniem of the phase reactions in equilibtium ht the queiiidr* 
nary invariant point x will probably be as follows : 

a.D*fb. Mg(NO»)> i^ n'rn-'>i ;.a;*f d.D,-Pe.NalfOa 

where a, h o, d, and e axe any pcwitive quantities of the substahees 
tbat take part in the reaction and D and Dt represent the 
sulphale-nitra te compound and Astoakanite reflectively. 

On the inoreasing additions of magnesium Uiiarate to the bdfiiilidd 
of the invariant solution x the above reaction will tibhxt. This fSie- 
tion will leave the actual composition of the solution x lifidlteHifi. 
When so much of ths magnesium nitrate is added that it afieots 
the complete conversion of the stdid compound D ittbd free ksdium 
nitrate and Astrakanite. the oompound D diaappeara aa a aolid phase 
and the oomposition of the solution alters along the curve xy. 

From the abeva ^scussion it is clecnr tbat by maintahiiaig s snffi* 
oient amount of the magnesium salts in the leatelihig aodutittttf Mr ^ell 
as in the raw material, the whole of the sulphate-nitrate oompound 
oaa be decomposed, the sodium sulphate thus produced oombining 
with sulphate to form Astrakanite leaving behind free 

sodium nitrate. H the amoimt of sodium sulphate exceeds ttie 
uoount of rwn gnaaium sulphate (mol. for moL). the exc^ of sodium 
sulphate will combine with sodium nitrate to form the sulphate- 
nitrate oompound eo that even if the quantity of magnesium salts 
added is insuffioient to decompose the whole of •' the sulphate-nitrate 

.2 * * 
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it ^giea^y^ reduce p]ipportifmoC.the >sodiumisulir 
with eoditim nitrate. • : 

' II hci^.is now abetraoted brom the solution by artificial refrigera- 
tion. it wifi o«uite the precipitation of pure or practically pure eodhim 
pjtiate il ihc teiiEy)erature to which it is cooled is not so low as to 
effect ^tl^);fpepiMfetion . of magnesium nitoate present in the leaching 
soluti^.^ 

It^n^ybe pointed out here that the solubility of sodium sulphate 
in ninjl^ Mquurs decreases with the rise of temperature ^d cbnse- 
quen^y thitiTsalt will .not separate out on cooling up to a certain 
tempMwAturf^. below which the hydrated sodium su^hate or Glauber’s 
salt y^l QOPte out. ... The point of transition may however be. further 
lo^e^ i in i.tbe. presence, of certain salts, e.g ., . borates, iodates etc., 
\y hieb may be. present, in the raw material or . which may. be added 
to tl^ .le.achbEig. solution .or to the solution after leaching and before 
rehigeratiob. .The lowest temperature should.not however be below' 
that which would cause the precipitation of these salts. These salts, - 
the object of which is simply to lower the transition temperature of 
sodium sulphate flmd Glauber’s salti^are termed minor salts. 

.. What has been said about Astrakcmite is also true of other double 
Bulph8tos» «.eo calcium potassium sulphate or Syngenite and calcium 
sodium sulphate mr Olauberite. These are called ‘ protective com- 
pounds’ since they protect the sodium nitrate from combiniifg with 
sodium i^ulplmte. The salts such as magnesium nitrate in the above 
example are temed ‘stabilising agents’, because in the presence of 
these salts the .double sulphates are stabilised and remain insoluble. 

The author'is indebted to Professor F. G. Donnan for his very 
Triad h^p vAA interest in this wOrk. 

;. I . .-..-S ' ; i r-- ■ - . 

Tas WiLttiuk 'BUUUit 'IkoSctAific and ' 
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nteraotioii of Sulphnr Sfonooliloride vith Ovganio 
CompoandB oontaiiiing the veactiYe Methylene - 
( — CjHs — ) Groap. Fopmation and Properties of 
Dithioketones (RaC :S :S) and Ditfaioethers (Ra8:S). 
Part lY. 

By Kovbrji Gosai Naik akd Yeshwant Nakavak Beat. 


The work described in this communication is a continuation of 
he work already published by one of the authors (Naik» J. Chetn. 
ioo,, 1921, 119, 879, 1281; 1922, 121, 2592). It was then suggested 
hat sulphur monochloride appears to react in two forms : 


(i) S 



and (it) 


S— 01 

I 

S— 01 


Whereas the formation of stable dithio-compo\mdB. points 
to the fact that S«01, appears to react in form (n), it would 
be indeed difficult to ezp]^ the formation of mustard gas on 
any other assumption than that sulphur monochloride reacts in form 
(i) (loo. cit.) : 


2 OH, : OH, +01, S:S 




(0H,01.0H,),S:S 

(0H,01.0H,),S+S 


As reported before the dithio-grouping resulting from the interac- 
tion of sulphur monochloride with amides of malonic ester is very 
stable, for thft resulting di-thioket6ne| and dithio-ethers could be 
easily nitrated with luming nitric acid without afEecting the dithio- 
grouping.* 

The interactions of sulphur monochloride with (1) malon-di-ethyl- 
amide, (2) malon-di-n-propylamide, (8) malon-dirfsobutyleinidei, 
(4>malon-di-n-heptylamide, (5) malon-di-in-toluidide and (6) methyl- 
makm-di-m-toluidide and (7) methyl malon-dibenzylamide were 
examined: ’ Of these, maloh-di-n-heptyl^idU, malon-di*w-tolakB^-* 
and methyl-malon-dibenzylamide were prepaid for the ' ^tnUi ' 


i 



W1m»m (a) o(m|koiai4i (1), ^)t (^, and 
dUiMolEatonM cd tike geiuK^ * 

' B '■ S 

>C<J 

■. A 

(b>;..«o^|KRmd (6): gava dititio-e^Mr oi tlie gMMnl^ iMBpola. 


Thwa. R'NH'OO 01— S R NH'CO S 

>CH.+ I — > >C< I 

(a) B'NH CO Cl— S R'NH CO S 


(bi) (BlBH;CO)^CHMa 

(R-NHOO),C5HMe 

» ■ ■ • • 


and 

0(Me)8 

"t i — > I 

Cl— s' (B'NHCO),— C(Ma)8. 


where B may be an ethyl, propyl, tsobutyl, heptyl or tolyl group. 

On nitration with fuming nitric acid, the dithio-compound derived 
&om (5) gave a tetranitro>derivative^. thus ; 


8. Cq'NH'C,^,. fun^ 8 00 NH:C,5»(N0,),. 

I >C< ^ — 1 I >0< 

a< 00'NH^,Hv HNO, S CO'NH*OvHi(NO,), 

Fr^m tj^ja* it may , ei^eated that, the dithio-gpuping in com- 
pounds of the above type, may be structurally different fi^m that 
present in /3/8'-dichlor-diethyldisulphide and such allied compounds. 
It also lends further suppe^ t^ the suggestion previously made, that 
sulphur monochloride may react in two fowms {i). and (iO and when 
it reacts in form (t), it gives rise to very stable dithio-compounds 
having the groupings 

8,; Sr,:-Q- 

I >C< and I 
8-^ " - SiM3— 


Expbbimbntai,. 

S9flfkurrMani>ehU>rid0^^ 
Mal^tdiethylaii|ida,wi»s pmpaiied.i by Whiteley 's mel^wd . (J. Chit.in , 
ffoc., 1924j„ 149,^8118) by- th#,.oo^da 9 aation of ^ ethylmalonate (id g.) 
vd%a^plHdWMngi8Qtgsof,88 .SQlution)i Itjwa%,cry8tams(id . 
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tw# Biil'ia>» IlMk «ilifc>80 o»flu c4* Ay 
hmmtt, 9«lite mowp oHk i ri de (2 g.) ww addaAioit, aiiiiilw. 
ANtlp. w»§< xvfiuziMi' Km • aaiidtlMitli for ilawe hoam. oUon 

rifte Iwgan to enrohw modorotely on hoating. Witfaiii.15 nunutea. a 
•oUd aoiiantod. and bomping began which had to be controUed. 
The eolid wee aeparated by filtering the aolntion at t he pump^ at yf 
wee weeh ed with dry petrolenm to remove the «^b^rf"g sulfhur 
monoohicaride. 

It is very aoluble in acetone, etibylacetate, acetic acid and chloro* 
form; less eo in methyl alcohol, ethyl alcohol, benzene and toluene; 
aparlngly soluble in carbon tetrachUmde, carbon bisulphide ahd ether, 
and insoluble in peteoleum. It was crystallised from absolute alco- 
hol. It shrinks at 186** and melts at 202**. (Found: K, 12*07; 
8, 29*46. CyHi«NaOaSa requires N, 12*78 ; 8, 29*00 per cent.). 


Malon-di-n-propylamide and Sulphur jtfonochlortde.-— Melon* 
di-n-propylamide was prepared by Whiteley’s method (loo. cat.). 
Bthylmalonate (9*5 g.) and n.-pzopylamine were taken in a 
'sealed tube and, after 24 hours, were heated at 125**— 130° for 
six hours. The mixture solidified when allowed to remain at the 
ordinary tenaqaerature for some hours. The sealed tube was then 
opened, and the white solid was washed with petroleum. The m. p, 
of the substance, purified from benzene was 189**. 

The a^ove Muide (5 g.) was camdensed with sulphur monoohloride 
(5 g.) in a similar way. 

The product is very soluble in chloroform, benzene, ethylaoetatei 
acetone, acetic acid and nitrobenzene ; Imb bo in ethyl alcohol, 
methyl aloohol toluene ; sparingly soluble in carbon bisulphide 
and ether ; and insoluble in water and petroleum. It was crystal- 
lised from absolute aloohol. It shrinks at 172** and melts at 180°. 
(Found: N, 10*92; 8, 26*69. C,Qi.O«N.8, requires N, 11*29; 
8, 25*80 per bent.). 

Maion-duiaohuiylamide and Sulphur Monoohloride.— 
(sobutylamide was prepared in the same way as makm-di-n-propyl- 
amide, by condensing ethylmal<mate (8 g.) wilh isobutylamine 
^7*8 g.). The product was crystallisod from beAzraie and melted 

at m°. 

The above amide (2 g.) and sulphur moaocUoKida (1*5 g.}^w«» 
eendensed ns in ttte previous cases/ 
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• 1Fli» ^Kiduot-^^so' ^obtiiixiAd diiiolrM ' rebdily ia oiildif^^i 

aiM^ae aoid, etiii^ladeitatoV OT taibrobenseae; iass readily in beuKaae, 
ioldteei metbyi atooboi. ethyl alcohol aad acetone; sparii^fy so in 
ether» oarben b!sttiphide« or das^bon tetiaohloride* and is ins^uble in 
hot water CHT light petroleum. It was crystallised from-absolute 
idoOhol.. It:BhHhksat''196*’ and melts at..2Q2'’. .(Found: N, 10’48; 
S, ^r0&. requires N, 10‘14j S, 23*19 per cent.). - 

' , . - ' ' Jl I 

Preparation of -Malon-di-p-heptylamide.—:~ A mixture of n-heptyl- 
amine (ll*5 g.) acid ethylmalonate (8 g.) was allowed to remain in 
a sealed tyube at ' the ordinary ' temperature for 24 hours, when it 
was found in a semi>solid condition. The settled tube was then 
heated in a ps^affin bath at 123-130° for about 7 hours. The tube 
was opened when cool, and the white solid was taken out and washed 
with petroleum. The solid thus obtained was practically pure, and 
weighed 12 g.. 

* It dissolves ve^ readily in chloroform, benzene, toluene, ethyl- 
acetate, acetic acid, methyl alcohol, ethyl alcohol, acetone, and 
nitrobenzenb ; less readily in carbon tetrachloride and ether; and is 
sparingly 'soluble in petroleum, and' insoluble in water. It crystal- 
lises from benzene and melts at 132°. (Found: N, 9*52. 

0,Nji requires’ N, 9*40 per cent.). 

l 

Malon-di-n-hepiylamide and Sulphur Monochloride. — ^Malon-eli-n- 
heptylamide (3 g.) wm condensed with sulphur monochloridn (1*5 g.) 
in the usual manner. The resulting substance, being very soluble in 
benzene* was precipitated by petroleum. It came out as a gelati- 
nous white mass which, was filtered, and washed with dry petroleum. 

It -is very soluble in benzene, chloroform, acetic acid, methyl 
alcohol, ethyl alcohol, acetone, ethyl acetate and nitrobenzene ; less 
soluble in toluene and carbon bisulphide; and sparingly soluble in 
ether, petroleum^ uid cccbon tetrachloride. It was purified from 
alcohol, m. p. 125°. (Found :.N, 7*83; 8,17*37. CifHaaO^NtSa 
requires N, 7*77 ; S, 17*77 per cent.). 

Mal0n^dum.->ioluidide .and Sulphur. .Monoohloride.—rThe amide 
(2 g.) and sulphur mqnochloride (1 g.) were condensed as in the 
previous bases. - " ' ^ 

The product* is readily soluble in chloroform, acetic acid, ethyl- 
acfitaite, ^aobtontf and nitrobenzene; le8S..readily in. benE^e,:itolu.efie, 
metbyi alcohol, ethyl alcohol, carbma .-.tetrachloride aiad.. carbQj[i'. 



imwui<3TJi&Js oir vohocssloridb 

bistd^^Sd«; apiHfis^^'i^lubla in ethor and hok witairi Ians' ^iiuialtiiMe 
inc^ight .'.pebroieum. It waa oryatallised from abfsolute idoblKS.' 'It 
shrinJEa'at 156° and melts at ISO*’- to a yellow liquid. (Found : Si 
i8‘18.. C^tH 0,NaS« requires 8, 18*60 per cent.). , . 

Nifraf ion;— ^One gram of the, above substance 'was added in a 
conicad flask t6 10 O.C.’ of funiing nitric acid (d 1*5). ‘ The flask was 
heated on a sand-bath until the evolution of bxides of nitrogen 
slaqkened. . The flask. was allowed to cooU when a little. yellow solid 
came down. As the solid was too little to be filtered through the 
asbestos, the solution was added to some distilled water in a beaker. 
The precipitated solid was filtered at the pump, washed with distilled 
water, and allowed to dry at the ordinary temperature and powdered. 
The'pow'der was dried in an air oven at fiO-’iO'*.' li ihelts 'with 
decomposition at 166°. (Found: N, 16*82; S, l2*27. C,,H'^aO,o 
NgS, requires N, 16*08; S, 12*21 per cent.). 

Methyl malon-dum-toluidide. — ^Methylmalonic ester (10 g.) was 
condensed with tn-toluidine (18 g.) in the same way as in the case 
’ of the corresponding malon-derivative. The temperature, in thib 
case, was raised to 280°. The yield was very poor. 

It is very soluble in benzene, toluene, chloroform, acetic acid, 
ethylacetate, methyl alcohol, ethyl alcohol, acetone and nitrobenzene; 
less 4 readily in carbon tetrachloride, and insoluble in petroleum. 
It was crystallised from benzene, m. p. 157°. (Found : N, 9*86. 
CigHsoO^Nt requires N, 9*46 per cent.). 

Methyl malon-di-m-toluidide and Sulphur Monoehloride.— The 
above amide (2 g.) and sulphur monoehloride (0*5 g.) were condensed 
together in the usual manner. The reaction in this case was slower 
than in the case of the corresponding malon-di-m-toluidide deriva- 
tive. 

The white product is readily soluble in ethylacetate, acetic acid, 
acetone and*nitrobenzene; less readily soluble in benzene, toluene, 
chloroform, carben tetrachloride, methyl alcohol and ethyl alcohol; 
slightly soluble in carbon bisulphide, ether and hot water and in- 
soluble in petroleum. It was crystallised from absolute alcohol, 
m* p. 187°-188°. (Found: S, 9*89. 0„H,,0,N*S, requires S. 
»9*78 per cent.). , 

AfetfcyImoIo»-di-6en«yIo«n'de.— Ethylmethylmalonate (9 g.) i^d 
benzylamine (11 g.) were taken in a round bottomed flask and &ati^ 
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tili 11^460^ mMUL ffte «IWi« prtilnH «o 

vbtaWI MadUir ditid i w « iMBnaa, tMtidne, aUdntan* 
doohAt aUiyl > l< ql b 6l » aMAont, alfcyla eot at o, aoetta aeii said ai m 
bensene; less realiif ia oliloiafMm* aad ipapadagliraolilMeia oariboA 
bisulpb^<| 0 , ethar^ peteoleum aad hot water. It was purified firona 
beaseae. m. p. 142**. (Found: Vi, 9*66. requiras 

N* 0*46 per oeut.). 

We take this i^poftoaity to record our iJiaaks to tiw GetoiaaMlit 
of Efis Hiijhnn sa The ICalieNt|e daekwanr of Barode for a great wideh 
has defn^ed tiie mcpense of this inrestigetion. 


ChnunstST Dsmbtubs*. RMtttd 5, 11NS7. 

Tbi pouaaa. Paboda. 



On the ReactiYity of orMo-Diketonic Groups placed 
between two Nitrogen Atoms. 

By Pban Kumab De and Andkol Chandba Siboab. 

The original object of the investigation was to prepare azine 
derivatives by the condensation of diphenyl-thio>parabanic acid with 
orf ho -diamines. 


Ph 

/'-oo h.n/\ 

N— CO H,N' ' 
P'h 


Ph 


= SC<^ 


N— C^- 


\/\ 


+ 2H,0. 


Ph 


ortfeo-Phenylene and 1 : 2-napthylene diamines were^ tried, but, 
contrary to expectation, it was found that in either case the con- 
densation products contained no sulphur. From this it was clear 
that the orffeo-diketo groups, when placed between two nitrogen 
atoms behave quite differently than when placed between two carbon 
atoms, as in phenanthraquinone. In order to find out how far 
this assumption was true, the investigation was extended to some 
other ortfco-diketo compounds of the same type, viss. dinitro- 
diphenylthio-parabanic acid, diphenyl parabanic acid, A^-diphenyl- 
a^-diketopiperazine and dimethyl-oxanilide. 

^ It# has now been found that none of them yield «the expected 
azines* The three parabanic acids behave similarly towards th^ 
ortho -diamines, whilst N-diphenyl-a^-diketo-piperazine and diftie* 
thyl oxanilide are without any action on them*, 

3 
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ortAo-Phenylene diMuine reacts with diphe&yl<thio<pAra){nni 
soid in the following way : 

Ph 


SC< 




o- 

0 

1 

>NH. (1) 


+ 2 C.HX 

N— ^06 

NNH, (2) 

^h 

NH— CO 

NH 

■< 1 

+ C.H4<^ ^S + 2C.H.NH, 
NH^ 

NH— CO 

I 

II III 


Of these the first and the third compounds were identified 
m the reaction mixture, and the presence of the second compound 
was proved by an indirect method. 

The whole reaction probably proceeds as shown below : 


Ph 

N— CO H.N 


N—CO H.N 

I 

Ph 


NH— CO 

(1) sc/ I + =C,H.^ I +8C/ 

NH— CO 


NHPh 


NHPh 


NHPh H»N NH 

(2) sc/ + ^eH.= SC<^ ^O.H. + 2PhNH, 

NHPh HjN'^ NH^ 


That the second reaction is possible has been proved by a blanh 
experiment with thiocarbanilide orfAo-phenylene diamine and it 
has been found that the reaction between them proceeds exactly in 
the way as shown above. 

• ^ 
In the case of diphenyl-parabanic acid the reaction dobs not 

,prooeed up to the second stage. From the reaction mixture both 

phenylene-oxamide and S-diphenyl urea were isolated and no aniline 

could be traced. 



^ttBAOTIVITy OF Ortfeo^DIKBTONIO GBOtJFS 633 


ExpERIUBNTAIi. 

Condensation of Diphenyl-thio-parabanic Acid with ortho^ 
Phenylene diamine, 

A mixture of diphenyl thio-parabanic acid (1 g.) and ortho- 
phenylene diamine (1 g,) dissolved in pyridine (8 o.o.) was boiled for 
a few minutes. The separated solid was filtered and crystallised 
from hot water in fine silky needles, not melting below 300°. It 
was slightly soluble in alcohol, soluble in hot water, acetic acid or 
pyridine, and was identified to be phenylene-oxamide. (Fofmd : N, 
17‘16. Calc : N, 17'28 per cent.). 

The pyridine solution, on dilution with water, separated a tarry 
substance, from which nothing could be isolated. The presence of 
aniline in the filtrate from the above was proved by diazotisation 
and coupling with /3-naphthol. 

1 :2-Naphthylene diamine behaved exactly in the same way 
giving naphthylene-oxamide. ' 

Condensation of Thio-carhanilide with orbho-Phenylene diamine . — 
The clear solution obtained by heating for three minutes a mixture 
of thio-carbanilide (3 g.), orf ho>phenylene-diamine (1'5 g.) and 
pyridine (3 c.c.), yielded on cooling a solid mass. This was 
filtered and crystallised from hot water in colourless prisms, m. p. 
295-297° |A). It is soluble in alkali but insoluble in acid. 

The pyridine solution, on dilution with water, separated a tarry 
mass which soon solidified on acidification with dilute hydrochloric 
acid. It was purified by crystallization (prisms) from alcohol using 
a little bone charcoal ; m. p. 294-296° (identical with A.) 

The substance was identified to be phenylene-thio tnrea (Found : 
N, 18*15. Calculated : N, 18*66 per cent.). 

The filtrate was diazotised and treiited with an alkaline solution 
of /3-naphthoi whefi a red precipitate separated. This was crystal- 
lised from alcohol as shining red needles, m. p. 134° and identified 
to be benzene-azo-^-naphthol. 

Dinitro-diphenyl-thio-parabanic acid behaved* exactly in the 
sam^way as diphenyl-thio-parabanic acid. From its*reaotion mix- 
ture with orfho-phenylene diamine, phenylene oxamide and rnet^-^ 
nitraniline were isolated. 






Oondtnsation of Diphmyf pdrahanio Aeid wUh 
Akmino , — The precipitate, which s^iveted on boiling fo/ ihre 
minutes a mixture o£ diphmyhpwabanio acud (1 g.) and ortho • 
phenylmre diamine (1 g.) dissolved in pyridine ($ c.o.), crystallised 
£rom hot watw in coioiijrless si&y needles, not melting below 800*. 
The substance was identified to be phenylene oxamide. 


The filtrate on dilution with water yielded a white precipitate, 
which crystallised from alcohol in rectangular plates, melting at 
288*. The substance was identified to be 8-diphenyl-urea. This 
was confirmed by a mixed melting point determination. 

All attempts to condense ortho-phenylene-diamine with N- 
diphenyl -a/8-diketopiperazine and dimethyl oxanilide even by boil- 
ing for one hour in pyridine solution failed and the diketo compounds 
were recovered unchanged in each case. 


CasinoAi. Labobatost, 
Dacca UHircBsnT, 
Dacca. 


Received September 6, 1027. 



Riiliiftdiii* Pftrt 1. Synthesis of l-M6thyl-2 :4-dioxy- 

anthraqninone. 

By PsAFULLA Chandra Mitter, Monhohan Sen and 
Prafdlla Kumar Paul. 

Rubiadiii was first isolated and studied by Schunck and 
Mwrchlewski {J. Chem. 8oe., 1803, GS* 060). They obtained it 
by the hydrolysis of rubiadin-glucoside, which occurs in madder* 
root. Bttbia Tinetorum. It is a lustrous yellow substance, m.p. 200** 
and sublimes unchanged when heated further. The analysis of the 
substance as well as the molecular weight determination by Baoult’s 
method agree with the formula Ct sHtoO«. It is an anthraquinone 
derivative and closely resembles purpuroxanthin as revealed by 
spectroscopio examination. This leads to the conclusion that rubia- 
din is a methylated purpuroxanthin. The absence of any methoxy 
group points to the methyl group being contained in the nucleus. 
Again since on oxidation phthalic acid is obtained (J. Chem. 8oc., 
1804, IBG, 18), the methyl and hydroxyl groups must lie in the same 
benzene ring of the anthraquinone complex. This restricts the choice 
of a formula for rubiadin between (1) 2*methyM:3-dioxy-anthra- 
quinone and (2) l-methyl‘2:4-dioxy -anthraquinone. Schunk and 
Marchlewski synthesised (1) by condensing 2 : 6-dioxy-paratoluic 
acid with benzoic acid in presence of sulphuric acid (J. Chem. 8oc., 
1804, 66, 183) and obtained a substance melting at 282° and when 
quickly heated at 200** and giving an acetyl derivative, m.p. 217°-218*’. 
Bubiadin melts at 200** and its acetyl derivative melts at 225**. 
On these groilnds Schunck and Marcl^lewski gave formula (2) to 
rubiadin. , 

The main object of the work was to verify this by actual syn* 
thesis. 

Pritsch has found that 3-methoxybenzoio acid^ methyl ester 
(^nnalen, 1897, 896 , 344) and methyl 2:3-dimethoxy benzoate 
(Antitden, 1808, 801 , 852) condense readily with chloral in presence 
of sulphuric acid to give triohloromethyl .phthalides, £rom which^^ie^ 
phthalic acids may be easily prepared. The reaotiosi 
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kae been successfully applied by Meldrum and others (J. Ohem* Boe.t 
1911. 99, 1712; 1920, 117. "964; 1921, 119, 201} for conTertibg. &zy- 

benzoic acids to the corresponding phthalic acids. 

Our object was to apply this reaction to 2-methyl-8 :5>din3iethozj^ 

benzoic acid methyl ester with a view to prepare the corresponding 
phthalic acid, CaH(OH,)(OCHa),(OOOH)a. The anhydride of this 
acid on condensation with benzene in presence of anhydrous alumi* 
nium chloride and subsequent ring closing with sulphuric acid was 
expected to give l-methyl*2 :4>dimethoxyanthraquinone, the deme> 
thylation product of which would have the constitution ascribed to 
rubiadin. by Schunck and Marchlewski. It was found that the re> 
action proceeds fairly smoothly up to the’phthalide, 



The phthalides can be prepared from phenolic ether acids directly by 
condensing with formaldehyde in presence of hydrochloric acid {J. 
Chem, 8oc., 1925, 127, 195) and this method was employed for pre- 
paring large quantities of phtbalide from cresorsellenic acid for oxi- 
dation experiments. All our attempts to oxidise the phthalidc to 
the corresponding phthalic acid have, however, so far, failed. 

We next had recourse to another method of preparation of an- 
thraquinone derivative for our present purpose. 8 : 5-Oxybenzoic acid 
condenses with p-toluic acid (J. Chem. Soc., 1893. 63, 1141) and 4- 
methyl-S : 5-dioxybenzoic acid (J. Chem. Soc., 1894, 65, 182) and 8:5- 
dioxybenzoic acid (Annalen, 1887, 241, 266) condense with benzoic 
acid in presence of concentrated sulphuric acid to give rise to the 
corresponding anthraquinone derivatives. This method was success- 
fully applied to 2-methyl-3 : 5-dioxybenzoic acid (cresorsellenic acid) 
with the result that it is now definitely established that the constitu- 
tion of rubiadin is not what Schunck and Marchlewski ascribed to 
it. 

Experimental. 

2-MethyUB:!>-diozyhenzoio Acid {Creeoraellenic Acid ). — The acid 
was prepared according to the method of Jacobsen and Wierss {Ber., 
1888, 16) 1960) with slight modification. o-Toluic acid (50 g.) was 
treated with fuming sulphuric acid (200 g.) containing 65% of 
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sulfbpi^ ABhydride and the reaction mixture arae heated in an 
baldi at lflO-170* for 12 hours. The fuming sulphuric acid was a dd ed 
in two instalments (160 g. and 60 g.) and the heating was completed 
in two days. The cold sulphonation product was poured on erushed 
ice and the disulphonic acid was separated from sulphuric acid as 
the soluble calcium salt by treatment with calcium cfurbonate, .boiling 
mid filtering. The filtrate was then treated with potassium carbon- 
ate, when calcium carbonate was precipitated, and the potassium 
disulphonate remained in solution. It was concentrated by heating 
on a bare flame and ultimately evaporated to dryness on the water- 
bath. The yield of the potassium salt was almost theoretical. 

The potassium salt — 50 g. being taken at a time — ^was added 
gradually to three times its weight of fused potassium hydroxide kept 
in a silver basin at a temperature of 210“, and stirred constantly with 
a copper tube closed at one end and fitted up with a thermometer, 
which dipped in melted paraffin kept in the tube. The addition of 
potassium disulphonate was completed in half an hour and the 
*me]t was then heated at 248-260° for another half an hour and then 
the temperature was gradually raised to 270° when the reaction 
was complete. 

The product of potash fusion was then made into a paste with 
powdered ice and treated with excess of concentrated hydrochloric 
acid.* The acidified solution thus obtained was then allowed to 
cool, and. was filtered and extracted thrice with ether. Cresorsel- 
lenio acid was obtained on evaporation of the ether as a grey coloured 
solid mass mixed up with tarry matters. The mass was dried on a 
porous plate and crystallised from water with the addition of animal 
charcoal when a granular white crystalline product was obtained ; m. 
p. 287-239°. Yield of the substance was 30% of the theoretical. 

2-Methyl S:5-dimethoxyhen»oic acid (creeoreellenic acid dime- 
thyl ether), prepared with the help of dimethyl sulphate in the usual 
manner, formed white needle shaped crystals, m. p. 160°. The yield 
was 90% of the^ theoretical. (Found ; C, 60'91 ; H, 6* 81. 
C,o requires C, 61-22 ; H, 6- J2 per cent.). 

2-M ethyl-3 :5-dimethoxyheneoie acid methyl ester {methyl 
esttr of oresorsellenic acid dimethyl ether), b. p. 289-291°. (Found: 
C, 62- 65 ; H, 6*92. C,, H,, O* requires O, 62*85 ; H, 6* 66 
per dent.). 

6-Methyl-3:&-dimethoxy-2-trichloromethyl phthalide. — ^2-Meth]t(; 
8:5-dimethoxybenEoio acid methyl ester. (6 g.) was mixed with 
finely powdered chloral hydrate, (4 g.) a stoppered bottle 
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iilldired ^ tffoaiid boiirs. T1 m» xeiolkm was ; thim 

]il«ie» ioMl ^s ooadsBsation product was iouatd to bs a dirl^ solid 
inass. whidi was mixed up with pieoss of ice aud filtered. IChe 
Solid mass thiw obtained was washed mth water and 50% abxdlol 
altematfdy to temoxe i^e unacted reactants and the sulphuric acid. 
The mrude condensation product was then dried on porous plate 
and crystallised from methyl or ethyl alcohol. White orystalline 
mass, m. p. 176'’. The yield was theoretical. (Found : Cl, 82*80. 
C,,H|iP«Clg requires Cl. 82*71 per cent.). 

6-Methyl-B : S~dimetkozy-2~phthalide carboxylio Acid. 

The triohlonunethyl phthalide derivative (5 g.) was heated with 
an excess of 20% caustic soda solution (25 o. o.) on the water'bath 
with a reflux condenser for 5 hours. The trichlorophthalide dissolved 
very slowly, ultimately giving a clear homogeneous yellowish liquid. 
The solution was then cooled and exactly neutralised, and to the 
neuWal solution a very slight excess of hydrochloric acid was added 
when a tarry matter together with a little of the product of hydro- 
lysis of the trichloromethyl phthalide was thrown down which was 
filtered off. The filtrate was then acidified with a slight excess of 
hydrochloric acid and the phthalide carboxylic acid, which was 
precipitated as sticky white precipitate, was filtered at the pump 
and dried on the porous plate. It is soluble in water with difficulty 
but readily in alcohol. It is crystallised repeatedly from water and 
pinrified by animaJ charcoal. White crystalline plates, m. p. 218-219**. 
Yield, 50% . During an attempt to crystallise the acid from alcohol 
the ethyl ester melting at 184** was obtained. (Found ; C, 52*9 ; H, 
5 *5. Cj, H,a Oa requires C, 57*14 ; H. 4*76. Cj, H,gOa. H.O 
requires C, 58* 8 ; H. 5* 1 per cent). 

(i-Methyl-Q:5-dimethoxyphthalide. — Phthalide carboxylic acid 
(2 g.) was taken in a large test-tube fitted with a long air condenser 
and heated in a sulphuric acid bath at 225-285°. ^he decomposition 
of the acid to the phthalide was complete whmi no more carbon 
dioxide evolved ; but to ensure a complete decomposition it was 
heated for sometime longer even when the evolution of CO, had ceased. 
A long sir condenser was used because the phthalide formed in 
the process is Ifighly sublimable. The phthalide is slightly scStffile 
iu idoidhol. but fmriy soluble in chloroform. A very suitable solvent 
fmr the phthalkle is found in acetic acid. It is a very lii^ crystal- 
line white subirtanoe melting at 249°* The yield in ilnB {uccess was 
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m |aw«Mi 90% of til* thaontieal. (Bound: C. 69*9; H. d'96. 
OttHttO* M^iv** C. e8*4fi ; H« 5*76p<re*o».) Attempt* *to»id*tic« 

<rf til* ptitibaMd * to th* oomn^onding phthalio aeid h*** so tax failed. 

: 4<dlo*pantfcragiimoiM.«>-2>Metiiyl>8 : S-diosybeoaoie 
*oid (ereaoraeUenie aoid> 6 g.) waa intimatalj mizod witii 
piQf* bMiaoio aeid (50 g.) in a 500 o. e. round bottomed Pyrax 
flaak. To tb* mixtura ehamieally pure aulphuiie aeid (35 g.) 
waa added and gaatiy ahakan, when a homoganaoua rad 
Mlution waa formed. Sueh a large axceas of banaoio acid was 
used to ae<dd the self eondanaatioa of the oresoraellemc aeid. The 
reaotion mixture was heated in an oiUbath at 125~»180* for 12 to 
15 hours. The heating was completed in 2 days. As the heating 
was oontinuad the colour of the reaction mixture changed from red 
to dark-red and ultimately to black. When the reaction was com- 
plete. the cold reaction-product was poured on powdered ice, filtered 
and dried on the porous plate. The product thus obtained contained 
a large amount of carbonaceous matter from which the substance 
was separated by extraction with ether in a Soxhlet apparatus. The 
ether was then removed by distillation, when a brown solid mass of 
the anthraquinone derivative mixed up with benzoic acid was ob- 
tained. The benzoic acid could be removed from the condensation 
product by steam distillation, but the process was found to be inoon- 
venienl because nearly 12 hours were necessary to completely drive 
the b®***®l® acid. By using NsaCO, solution to effect the 
separation the difficulty waa overcome. The self-condensation pro- 
duct of oroamrsellenio acid (anthrachrysone) contains four (>H groups, 
and is much more acidic than the dihydroxyanthraquinone. The 
crude condensation product was taken in a mortar and' triturated 
with Na.CO, solution which waa very gradually added so long as 
there waa evolution of CO,. When no farther CO, evolved a very 
small quantity of Na,00, solution was very cautiously added to 
partially diaaolva the anthraohryaona, and the substance was separa- 
ted by fll^tion. T%ie crude anthraquinone derivative thus obtain^ 
was ll vr” oryataUiaed two times from benzene when a very beauti- 
ful orange orystaUine product melting, after sublimation, at 255- 
966* was obtained. Yield was 4% of the theoretical. (Found; O. 
7a*59; H. 4-99. O, HtoO, require* O. 70*88 ; H, 8*80 iw cent). 

1 :4-diao#fo»ifai»fkrogi*i»ons.”^l*Methyl-2 ;4-dioxyantiira 

quinone (*5 g.) was mixed with an excess of freshly disti\l^, 
acetic anhydride and a few drop* of pyridine, and taken m 
a small conical flask, fitted with along air condenser and haatad to 

4 
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boilifig on the swul-bath vegy gently for an hour wd a half, w^iioh 
toe to reaction was complete. The product was then pouredf into 
water. The aeetyl derivative was at first thrown down as^m oily 
tiquid which solidified on cooling. The solid product was then 
s^>arated by filtration, and purified from associated acetic anhydride 
and the unacted anthraquinone derivative by repeated treatment witii 
sodium catonate solution. The product was then washed with cold 
water to remove^to adhering sodium carbonate, dried on to porous 
plate and purified by crystallisation from alcohol with animal char* 
coal, when the ;di'acetyl derivative was obtained as faintly yellowish 
needle shaped crystals, m. p. 181-182**. (Found : G, 67*49; H, 
4*43. C,,Hi«O 0 requires 0, 67*46; H, 4*14 percent.). 

On deacetylation, the original substance meeting at 265-266'* was 
obtained. 

Univsbcitt Cottiiees of Scikncb Received February 2, 1226. 
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The GonsUtotioii of Vasicine. Part 1. A Synthesis of 
2-Ppopy l-(isopropyl)-4-oxyqiiinasoline . 

By Ananta Eumab De and Jnanendra Nath EAy. 


In oonneotion with certain investigations proceeding in this 
laboratory for a number of years it was found that urethanes con* 
densed easily with acylamines in presence of phosphoric oxide and 
phosphorous trichloride to give substituted quinaxolines (Cf. Sen and 
Bay. J, Chem. 800 ., 1926 > 129, 646 ). In the meantime, a paper 
appeared (This Journal, 1927 , 4. 1 ) in which Ghosh claims that 
%he active principle of Adhatoda vaaica is represented by (I). 



It seemed to the present authors that such a structure, apart 
from other considerations, does not seem to be ve^ probable 
because the oxidation reaction on which it was mainly based is not . 
entirely satisfactory. There is nothing Yiery improbable intrinsically 
in an alkaloid having a quinazoline structure, as quite a few are 
known to belong to this class, e.g., cytosine, thymine, etc. But they 
are of animal^origin. But however, recently evodiamine, rutaecaiq)ine 
{of. Asahina, Manske and Bobinson, J. Chem. 80 c., 1927 , 131, 1708 ). 
havd been shown to fall under this group. Therefore, it was deemed 
that a direct comparison of tbe natural product with a compound 
synthesised, having the formula (I) depicted above, ^ould place the 
rij after beyond any reasonable doubt. The opportunity to do so 
arose* now that the technique of Sen and B&y’s quinazoline synthesis 
has been satisfactorily developed and we .encountered no difficult in* 
condensing butyranilide and wobutyranilide with urethane in xylmie 
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The product was a monacid base and was purified by redissolu* 
tion in acid and precipitation with alkali and then finally twice crys- 
tallising from boiling alcohol (charcoaled). The product from buty* 
ranilide. i.e., where C«H, is n-propyl. melted at 197°, whilst a speci- 
men of the natural product, which we purified from a crude speci- 
men kindly supplied by Messrs. Ben and Ghosh of Dehra Dun, mel- 
ted at 196°. Ghosh states 190-191° (with decomposition) as the 
m. p. of vasicine. The two substances obviously have m. p.'s ^uite 
close to each other, but a mixture of the two melts indefinitely 
from 160° upwurds. We prepared a piorate of our synthetic base 
but the m. p. was 184° whilst that of the natural base is 199°. 
Clearly therefore the two substances are not identical. 

Next we prepared the isopropyl analogue starting from isobuty- 
ranilide but the base obtained in this case melted at ^227°. A mix- 
ture with the natural base melted indefinitely from 175°. The 
m. p. of the picrate of our synthetic base is 215-216° and its mixture 
with that from natural base melted indefinitely. Therefore we are 
inclined to think that the structure advanced by Ghosh (loc. cit.) lor 
vasicine is not the correct representation of its constitution. 

For the purpose of these comparisons we obtained the (urude 
vasicine from Dehra Dun but we had to take recourse to an elaborate 
sehame of purification (detailed in the experimental part;. The melt- 
ing point now recorded of the base is higher than that quoted by”B«i 
and Ghosh. The purified base is almost odourless. 

GSraiXHSHTAL. 

Pwrifieation 6f Crude Vaaieine (from natural eourcee). 

, About 8 g. of the crude base is refluxed fmr about an hour with 
50 c.c. of pure dry bensene. The extract is cooled and filtered. A 



foiuiiitifcjr of MoiaoiM nu^tmiol is lofl ondiwolmriU Tis> 
^bolM^K^aB is sddod just solBoieDt sihur lo esuse » ■ligiife iiirini^ligf 
s»i»>n is toiha g quaiiti^ of impure mAtwial cmmom down. ^21us is 
stssSted sad the solntion is tbrai dilated with noote etiisr sad is left 
to SBTstalliss. The sides of ttie Tessei srs surstohed from time to 
time sad the Tsaiome erystsUises out. This iseoUeoted sad tbries 
mrjiitsHissd from IxMliag alcohol with the aid of ohsrcoal. m. p. 196* 
with deeompositioa. The orystsla have a very pale buff ooloor hot 
appear perfectly oolourleaa ia contact with the solvent. The sober, 
tanoe is very sparingly soluble in alcohol in the pure state. Urn 
baas dissolves ia cold sulphuric acid without a colour, a •dre^ of 
nitric acid imparts a yellow colour to the solution which, howevaor, ie 
discharged on dilution. The aubstanoe, on being heated in a dry teat 
tube, decomposes and a basic gaa is evolved. This does not aaem to 
be ammonia but ia not unlike diniethylamine in many respeeta. ^Qiia 
cannot be emphasised at this stage because the material wa had at 
our di^oaal was really too small. But we hope to oharaoterise this 
later and we believe that this will ultimately throw ocmsidwable 
'light on the constitution of the alkaloid. 

ButyraniUde. — ^Butyric acid (1 mol.) sad aniline (1 mol.) with 
a few drops of pyridine were refluxed for 8 hours when the reaetkm 
was complete. The product was poured in much water (oold> 
whereupon the anilide separated out in crystals. CrystaUised from 
hot dflute alcohol, m. p. 92* {of. Gerhard, Annalen, 1868, S% Iflfl) 
m. p. 90*>. Yield 80 g. from 40 g. of butyric aoid. 

Conden$ation of ButyranUide and l/retkone .—Butyranilide (29 g.) 
and urethane (16 g.) in xylene (50 o.o.) were refluxed very 
gently (140-145®) for 4 hours with phosphoric oxide (15- g.). From 
the cooled product xylene was completely decanted off and the resi- 
due was dissolved in water cautiously. The solution freed feom 
insoluble matter was cooled with ice and basified with dilute sodium 
hydroxide solution (oold). The thick white precipitate of the baaio 
product ia filtered and freed from alkalihe mother-liquor. It is then 
disaoived in dUute*hyd«x>Worio aoid and repreeipitatad with alkaU. 
The erode thus obtained was then twice cryatallised feem 

absolute alcohol (about 60 o.o.) with the aid of eharaasA 
in long thin needles, m.p. 197®. Yield 20 g. (Rwnd: C. 70^8 ; 
U, 8*6 i N, 14-96. requires O. 70-2; H. 6^4; N. 

14*9 per cent.). A mixture of this substance with an equal e mou a t 
of vasicine melts indefinitely from 160®. 



Pfiparation of tke Piavaie.~--^T^ Bjputhetio base (1 g.) in atoobiol 

ci.b.) was lies^d for a^atime on the water-bath with ^ofdeo- 
holib solution of piorio aoid (1 g. in 20 o.o.) under reflux. The 
cooled product deposited fine cubioid crystals of the piorate. These 
wcoe collected and reorystallised from aloohol ; m. p. 184**. (Foimd : 
Nt lfl'2. Ct,Ht,N«Os requires N, 16*8 per cent.). 

Action of Methyl Iodide on the Synthetic Base. — The base (1 g.) 
in methyl aiohool (10 o.c.) and excess of methyl iodide were refluxed, 
as prescribed by Sen and Ghosh (toe. cti.) for vasicine methiodide. 
for 2 hours on the water-bath. The cooled mixture deposited, how- 
ever. the original substance unchanged. Therefore the synthetic 
base does not form a methiodide under the same conditions as 
vasicine does. 

iaoButyranilide. — This substance was prepared following the 
conditions detailed under butyranilide. The product, however, was 
poured on to only a small amount of cold saturated brine. The 
substance crystallised out on standing and had m. p. 101*. {Cf. 
Norton, Amer. Ghent. J., 1885. 7, 117, who gives m. p. 102® *5). 

Condensation of ieoButyranUide and Urethane : Formation of 
2-isoProppl-4-oa:y quinasoline. — A mixture of tsobutyranilide (15 g.}, 
urethane (10 g.) xylene (40 o.o.) and phosphoric oxide (10 g.) 
was heated at 140® in an oil-bath for 5 hours. Xylene was 
decanted ofi from the reaction mixture at the end of . the 
reaction. The residue was dissolved in water and filtered. 
The filtrate was strongly cooled and carefully basified with 
cold dilute sodium hydroxide solution. The precipitated basic 
material was redissolved in dilute hydrochloric aoid and re- 
precipitated with dilute alkali solution. It was finally crystallised 
several times from absolute alcohol in which it is sparingly soluble 
as fine long needles, m. p. 227® (with decomposition). (Found : N, 
15*8. OxiHiaON, requires N. 14*9 percent.). A mixtme of this 
base with natural vasicine melted indefinitely from 175® to 
200 ®. 

Piorale of the Base. — This was prepared exactly as the corres- 
ponding compound from the n-propyl analogue. The picrate orys- 
taUises in short stout yellow prisms, m. p. 215-216®. (Found: N. 
17*04. OijHiaN.Oa requires N, 16*8 per cent.). 

Action of Methyl Iodide on the Base. — Following the procedure 
adopted by Sen and Ghosh , . we found, on similar treatment, our 
syntlietioal base to be unchanged. 
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^2^6* two sy&Uietic bases did not show the colour reaction noted 
in the case of natural vasicine. 

In conclusion, we wish to thank Prof. Sir P. C. B&y for his veiy 
kind interest in the work, and also we wish to place on record our 
gratitude to Dr. J. N. Sen and Mr. T. P. Ghosh for their courtesy 
in giving us a specimen of (crude) vasicine. 


UmviBim G 0 U. 10 B or Soibhor, 
Caloqtta. 


Received Aiiguet 34, 1307. 


P. S.— 'Since the above was in print our attention was drawn 
to the compound 4-oxy-2-propylquinazoline (I) by Bischer and 
Lang (Ber., 1895, 28,287). These authors state its m.p. to be 205**, 
whilst ours melts at 107**. Its difference from natural vasicine 
should be an apriori argument against the structure (J) for the 
latter. The corresponding isopropyl compound described by 
Nimentowski (J.pr. Chem., (2) 51, 569) melts at 284**. This 
seems to be identical with our product, the m,p. of which 
howpver was found to be 8** higher than that recorded by 
Kimentowski. 

The * identity of both these quinazoline derivatives with ours 
proves at the same time that cyclic amidines are really obtained by 
Sen and Bfty’s method. 




Ooii4«BtaUon of Gyanaoetio Ester with some Aryl 
and Alkyliunines. Preparation of some 
Aryi snd Alkyl substituted 
Gyaaacetamides. 

By Kuvbbji Qosai Naik and Ybshwant Nabayan Bhat. 

The method adopted in the preparation of these compounds was 
a modification of that employed by Freund (Ber., 1884, 17, 184) and 
Whiteley {J. Ohem, Boc., 1903, 83 , 24), in the preparation of malon> 
diphenylamide. 

Cyanaoetanilide [Compt. rend., 1895, 121 , 189 ; Quenda, Chem. 
Ceniftt 1802, i, 888 from Atti. B. Accad. Bci. Torino, 27 ; Warapsl^ 
and Hillers, J. pr. Chim., (ii), 92 , 297], cyanacet-p>toluidide 
(drrothe, Arck. Pharm,, 238 , 808 ; Haller, Compt. rend., 1889, 108 , 
1116), oyanaoetbenzylamide (Guareschi, Chem. Centr., 1892, i, 882 
from Aiti B. Accad. Bci. Torino, 27) and cyanaoetzylidide 
, (m. p. 167®) are already known. 

(1) *Cyanacet*o-toluidide, (2) cyanacet>m-toluidide (8) cyanaoet* 
a>ni 4 phthyla^ide, (4) oyanaoet-;3>naphthylamide, (5) oyanacet-odj.-^ 
m-zylidide, (6) cyanaoetmethyl-amide and (7) oyanaoetethylamide 
were prepared for the first time. The methods employed had to be 
varied with the varying basic nature of the amines, more drastic 
method being employed in the case of those amines which possessed 
feeble ammoniacal characteristics. 

Bensylamine resembles, though remotely, the parafiSn amines and 
Ihenoe the method of preparing an amide with the help of this amine 
has to be mnditfed from that adopted in thp previous oases. Aniline, 
toluidines and naphthylamines possess ammoniacal oharaoteristios 
to a very feeble eztent indeed, and in their eases, more drastic 
methods for the production of the substituted derivatives were 
employed. We can thut roughly divide the prepa^tions of the 
amides^to three divisions : — 

A. Oyanacetmettiyiamide; oyanaoetethylamide. 

B, Oyani^tbenBylamide. 

5 ' 
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O. Oyttaaeetualide ;• <^«iioet<p>tolaidid« ; o]raiUMM»t>0'4o|u^kb ; 
oyao&aoet-m-tdlttidide ; oyan«oet-«'iuiph1diylMaid« ; oyaBae»t*/9- 
ii«{dithylamide ; oyaiiaeet-<id/.>m*xylidid«. 

Of the above substituted amides, oyai^aoetaniUde. oysaaoet> 
p-toluidide and oyanaoetbenzylamide are known, but ho reliable 
details of the methods employed in their preparations oould be 
found. The melting points of these substanoes fairly agree 
with those reported and the analyses confirm the percentage of 
nitrogen required. 


Bxpbrixbntai.. 

Preparation of Buhetituted Amidee of Cyanaeetio Eater. 

In the preparation of substituted amides of the aromatic series 
Whiteley*s method (J. Chem, Boo., 1008, 88, 24) with the modifica- 
tion described by Naikl (J. Chern. Boo., 1921, 110, 879) was followed. 

CyanaoetaniUde. — Ethyl cyanacetate (87 g.) and pure redistilled 
aniline (45 g.) were mixed together in a round-bottomed 

flask provided with a wide upright bent tube, one end of 
which passed through a cork in the mouth of the flask, 
and the other end was attached to the condenser. The fluk was 
kept at 160° — 170° for six hours. The height of the. upright 
portion of the bent tube was so adjusted that for every drop of 
alcohol distilled over, a dozen drops of the liquid went back to the 
flask. This was to avoid any of the reacting liquids coming over 
unchanged. The temperature was slowly raised to 180° till no more 
alcohol came over. The contents of the flask, when hot, were then 
poured into a porcelain mortar where the whole solidified. The 
colour of the liquid when taken out of the bath was red. The solid 
cake was broken and tritvrated with a mixture of equal volumes 
of benzene and light petroleum, and filtered at the pump. The 
process was repeated until the reddish colour of the solid dis- 
appeared. The yield was 66 per cent. 

Cyanacetahilide is readily soluble in methyl alcohol, ethyl alcohol, 
acetone, acetic acid, ethyl acetate and nitrobenzene ; less reUdily so 
in benzene, toluene, chloroform and hot water and iw ynl uble in 
light petroleum (b. p. 60-60°), carbon tetrachloride, carbon disulphide 
and xylol. It was crystallised from alcohol as white needles, 
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*®u 9« (Pound: N» 17*68. C«HsN«0 requires N* 17*50 

pert^ft). 

Cyanaeet-p-'tolmdide. — Cyanaoet-p-toluidide was prepared irofiii 
e^yl oyanaoetato (20 g.) and freshly distilled p-totuidiue (21 g.) 
in the same way as oyanaoetanilide. 

The white produot so obtiuned is readily soluble in methyl 
alooholt ethyl alcohol* acetic acid, ethyl acetate, acetone and niteo- 
bmtsMie. less so in benzene, toluene and chloroform; sparinjgly 
soluble in carbon tetrachloride and hot water, a nd insoluble in ether, 
light petroleum and carbon bisulphide. It was crystallised* from 
alcohol, m.p. 180**. (Foimd: N, 15*71. C,«H*aI^sO requires N, 
16*00 per cent.). 

Cyanaoet-o^toluidide. — Ethyl cyanacetate (84 g.) and o-toluidine 
(20 g.) were condensed together in a similar way. 

The white product is readily soluble in benzene, toluene, methyl 
alcohol, ethyl alcohol, ethyl acetate, acetic acid, chloroform, acetone 
and nitrobenzene; less readily so in carbon tetrachloride, very 
sparingly soluble in hot water and petroleum, and insoluble in car- 
bon bisulphide and ether. It was crystallised from alcohol as thin 
plates, m. p. 125*. (Found: IQ, 15*90. requires N, 

16*09 ppr cent.). 

Cpanooet-m-iolttuitde.— 'Ethyl cyanacetate (15 g.) and m-tolui- 
dine (18 g.) *were condensed in the usual maimer. The solid was 
triturated and washed with ether. 

It is readily soluble in methyl alcohol, ethyl alcohol, acetic ao^, 
ethyl acetate, acetone and nitrobenzene; less readily in benzene, 
toluene, chloroform and hot water; sparingly soluble in carbcm 
tetrachloride, carbon bisulphide and ether; and insoluble in petro- 
^leum. It separated from benzene in the form of white needles, 
m. p. 182*. (Pound: N, 16*25. O.oHioN.O requires N, 16*09 

per cent.). • 

* 

CyanaoeUa^naphthylamide.^lEithyl cyanacetate (22 g#) and 
a-napbthy lamina (25 g.) were similarly condensed. The product 
* was finally waalied with alcohol until the reddish Colour of the 
solid was removed. • 

It is freely soluble in ethylacetatei Metic acid» acetone » and. 
nitrobenzene; less soluble in methyl alcohol » etjiyl alcohols benzene» 
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carbon bisulpbidc, pcfooleumt ether wtd hot water. It wiar ^qryatal’ 

}uii»4 acetia aei4> in« B* (Fouadi K. 

reqvhas K, 18*88 percent.). / 

Cyanacet-fi-naphtkylamide.--^'&ihyl eyanaoeta t e (96 g.) and ff» 
n^htiiylamme (22 g.) were condensed as in the previous cases. 

- ^e white solid so obtiuned is vary soluble in ethyl acetate* aceles 
eoidt- acetone and nitro-bensene; leas so. in basmeasa. ioluMfeSt 
iddorotorm, hot water and methyl alcohol* atiiyl aloohol; ^wria^y 
acdufale in carbon tetrachloride, carbon bisulphide, and eUier; and 
insehible in light petroleum. It was cryrtalUsed from aleohoU m. p. 
174". (Found: N, 18‘18. Cx,HioN,0 requires N, 18*88 per 
cent.). 

Cyanacaf-sdj*m-«yl<dtdfl. — Etiiyl oyanaoetate (11 g.) and adj-m- 
zylidine (12 g.) were condensed in the usual manner. The product 
is readily soluble in ethyl acetate, acetic acid, methyl alcohol, ethyl 
idcohol, acetone and nitrobenzene; less so in benzene, toluene and 

r 

onlorofonn and v^ slightly soluble in petroleum, hot water, carbon 
tetrachloride, carbon bisulphide and ether. It was crystallised from 
alcohol, m. p. 107®. (Found: N, 15*24. CjjHj,N,0 requires 
N, 14*89 per cent.). 

Cyan-aeetbenzylamide. — ^In the preparation of this substance, 
Whiteley's method (J. Chem. Boc., 1921, 119, 870) for. the prepara- 
tion of malon-di-benzylamide was used. 

Ethyl cyanscetate (22 g.) and benzylamine (22 g.) were put 
in a ocmioal flask and refluxed gently on a sand-bath. The 
substance condensed readily to a yellowish white mass. The 
heating was stopped after seven hours uid the solid was washed 
with a mixture of benzene and petroleum ether to free it from ' 
unchanged reactants. The yield was 90 pMr cent. 

' It dissolves readily ‘in benzene, toluene, chloroform, ethyl 
acetate, acetic acid, methyl alcohol, ethyl alcohol, acetone and nitre- 
^ bcnzahe; less readily in carbon bisulphide wad hot water, and is spur- 
■^hgly scdttble in light petredeum, carbon tetrachloride and ether. It 
was crysttdl»ed from benzene in white long needles, m. p. 180*. 
(Found: N; 16-19. OjoHioNtO requires N, 16*09 per eenb;). ’ 

7, ‘ Cfyandeetmzfhylctmide. — This wee prepared by a method cotres- 
pending to the method of Whiteley (loo. eit.} for the preparatiott of 
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oci^^*di>etby}amide» by shaking a mbrture of ethyl eyaniM^a^ 
ffiO ,g,) of inethylainine (45 g, of 88^ solution) and sodium hydnAi4b 
(O 3 g.) for about one hour, at 0®, until it was homognaeou8< After 
keeping the mixture at the ordinary temperature for twelve hours 
the solution was concentrated on a water>bath. On cooling, a red^sh 
pasty mass, was obtained. It was drained on a porous plate whwi 
a mam of granular solid was obtained. The yield was very poor 
being about 25 per cent. 

It is very soluble in methyl alcohol, ethyl alcohol, chloroform, 
ethyl acetate, acetic acid, acetone, water and nitrobenzene; less 
soluble in benzene and toluene; and sparingly soluSle in carbon 
tetrachloride, carbon bisulphide ether and petroleum. It crystallises 
in long white needles from benzene, m. p. 101®. (Found: N, 
28*85. O^HeNjO requires N, 28*57 per cent.). 

CyanaeeUethylamide . — ^Ethyl cyanacetate (28 g.) was condensed 
with ethylamine (38 g. of 88 per cent solution) in the same way as 
oyanacetmethylamide. The yield was about 15 per cent. 

It is readily soluble in chloroform, ethyl acetate, acetic acid, 
methyl alcohol, ethyl alcohol, water, acetone and nitrobenzene; less 
readily in benzene and toluene; and sparingly soluble in carbon tetra- 
chloride, carbon bisulphide, ether and light petroleum. It was crystal- 
lieed from benzene as white needles, m. p. 74®. (Found: N, 25*21. 
CaHaN^O requires N, 25*0 per cent.). ^ 

We take this opportunity to record our thanks to the Govern- 
ment of H. H. The Maharaja Gaekwad of Baroda for a grant 
which has defrayed the expense of this investigation. 


GBSUtSTBT DSPASTMKKT, 

Tax COU.XOX, Baboda. 


Beeeioti July S, 1927. 




Photdl>roiiiinatioii of Oinnamio Acid and Stilbena. 

Part 111. 


...By Boxmini Mohan Pobakayabtha and Jnanbndka 
Ohandra Ghobh. 


In Part II of thiB series it was shown that the velocity of this 
photochemical reaction in green and blue light is given by the equar> 
tion, 



1 

(c—a)B 


log 


a(c— a?) 
c(o — x) 


where Jo is the incident intensity, a is the initial concentration of 
bromine, o is the initial concentration of acceptor molecules and B is 
a constant given by Aa^rkO, where a is the distance between the 
cezftres of two reacting molecules, r is the life period of excited 
molecules, 0 the absolute temperature , A:=p/ctf (p is the osmotic pres * 
sure in millimeters of mercury, andc the concentration in gram. mol. 

per litre) and A =2666*6 ' 


This reaction also takes place in yellow light, but as it is to be 
expected from the weak absorption of yellow light by the bromine 
solution, the rate of reaction is given by a modified equation. The 
concentration of [Br] i.e., active bromine atom is chiefly determined 
by the reversible reaction, Br+hv ^ 2Br, and is therefore 
given by the equation, 

[Br]= n/k. I, (1-,- [».)') 

For weak absorption 

cBr] = 



Tbs maiiAaaUrai of raaotiicm tliMI bas besii devoldfiail i;ip 
Part n will tii«Mif(Hro j^TO tbo ot^fttiba* 

„. ( 2 ) 

... (2, 

On integration 

■^l'" 

If Blerthoud’e mechanism were oorreot the velocity constant 
would have been given by the equation 





••• ( 5 ) 


In the following ^tables are given experimental data which prove 
definitely that equation (4). and not (5)t represents the course of this 
photochemical reaction. 


Expbrimbntal. 

Esporimental procedure is exactly the same as described 
before. 

Yellow light was obtained by using the following filters recom- 
mended by Plotnikow. 

(1) PotMsium permanganate solution — 0*375 g. per litre (1 cm. 
thick). . , 

.. (2) Potassium chromate solution — 150 g. per litre (1 cm. 
thiek). 

(8) Nickel sulphate solution— 800 g. per litre (2 cm. thick). 

Solvent — CS,; Acceptor — cinnamic amd ; 

Initial cone, ck cinnamic acid— 0*01615 M ; . ' 

' Initial conen. of bromine — 0*01515 M; 

Temperature-^1Wi®0 * ; B a 120. 



OF OnmAlHo' acid and STtLSSMS ssi 
Tabi^ I. 

looidMit intensity 1805 ergs, per sq. cm. per see. 


Tisss in win. 

<a— e) oone. Br* : gn. 
aMd./Utte. 

(from Bqn. 5) 

IKtnm B « b . 4) 

0 

-01515 

1 


10 

*01188 

-126 

•210 

ao 

-00909 

-120 

•208 

80 

*00788 

1 *118 

•916 

46 

-00580 

•109 

•918 

71 

-00480 

i 

*100 

1 *918 


tabia n. 


Incident intensity 810 ergs, per sq. cm. per sec 


• 

0 

-01515 

••• 

[ 

10 

•012 

•100 

•160 

90 

•0099 

•0989 

•160 

85 • 

•00805 

•086 

•158 

50 

•00062 

•0807 

*158 

70 

'00584 

•0796 

•160 


Tablb 

in. 

• 

Ineident intensity 270 ergs per sq. cm. per see 

• 

• 0 

•01515 

.. 

1 ... 

90 

• -oioio 

*0497 

» 

*0799 


e -00984 

-0425 

•0790 

69 

•0088 

*0419 

*0794 

M 

•0070 

•0407 

» 

*0708 (7) 


Solvent CS, ; Acceptor — stilbene ; • 

T i r U.inl cone, of bromine— -0*01616 M. 

cone, of stilbene -^'01616 M. 
Tempereture 29*0; Bas860, ^ 


6 






















lattfiBity 1805 ergft per eq. em. per see. 


TisM in nites^ 

(•-•) floBo. Btt t 
gm. moL/litie. 

Ai ifisn Bgn. 5) 

|b (tBonimpi.4) 

0 

OIW 


« t * 

1? . 

*OU0B 

•ww 

•U2 

8Q. 

’OOSff 

•w» 

•W4 


*0068 

-0898 

*116 

6& 

*00fiS8 

-0864 

•U6 


TABt.S V. 


Intensity 810 ergs, per sq.^ott. per sec. 


0 

-oibu 

• •• 

« •• 

W 

'04008 

-eru 

-0876 

40 

*0086 

-SMI 

1 

*0860 

66 

-00686 

*0670 

*0871 


Tabus VI. 


Intensity 270*ei^s,. per sq. cm. per sec. 


0 

*01516 

... 


80 

t *01185 

*0866 

-0^ 

60 

*Mlii 


*8488' 

•0* 



*0497 

189 

*6865 

im 

*6488 
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jd! ii finm 


Xaks Vil. 



lotmdty. iBaifio of volodtjrooBataato. 

Bsiio of 
iotonai^. 


IMisrgs. 

^ 1 

fn»i<i} a (3) 1*80 ; 

1*% 

(SttDaaiie seit 

810 ccgo. 

from (1) a (8) 3*9 

2*2 


d70«rgs. 

horn (3) a (8) 3*1 

1*78 

1 


1805 ffitgt. 

from (1) a (3) 1*81 

i 1*36 

Stilbeae 

810 orgio 

tram a) * ^ 8*60 

3*3 


070 argio 

from O) a (8) 3*03 j 

1*78 


From the above results it ia evident that the velocity eonstaat 
iftar aases more rapidly than the »quat« toot of the incident illu- 
mination. 

The tempevalttfe coefficient of the reaction in yellow light has 
been measnred and found to be 8*1. The results of measurements 
of the j >e m| >er alu fe oeeffident in blue and green light (Part 11) 
showed'that the temperature ooeffieient inereases with the wave- 
length of incident radiation. The measurements in yellow light also 
ooRohorate this. 


Imditciion Period and After-effect. 

It had already been noticed that the reaction passes through a 
period of induction ; the induction period however, in no case is 
* large. It was odnsidered interesting to find out if the reaction is 
accompanied an after-effisot. It was probable that the active 
bromine atom or intermediate complex "containing bromine would 
undefgo quiok transformation in the dark after the illumination is 
cut oA , the reaction ceasing altogether when the active molecular 
speoibs are completely transformed into stable molecules. » is very 
tfawa nl* to study accu r a te ly the veloeity of this rapid "transfotmatkm 
a£r cht^ the light. The ffiUowing tables contain some of ihe 
experimental obearvatiofiB. It may be menti<M»ed h«re that the ^ 
veleeity of in the dark when the p^od of after-effect* is 

over is very small. 







■ 0 

CBilten «s r6ooouau»id«d by Ptotoikour) ' 

Oooo. of 1^ro]aiifie---0*0151fi M. 

Coao. of <^nxittmio aoid>— 0*01516 M. 
Bolyent CS, ; l^emperoture 29**C. 


Tabui VH. 


1 

Time io miontei. 

(a— «) ooiic« Br* t 
gm« moL /litre. 

Bate of diM^paeranee of Br« io the 
anoeamive toterrala (in ooa minota). 

< 

0 

1 *01615 


8 

*01885 

*0006 

6 

*01136 

i 

Bzpoaad to *0007 

Tight. 

9 

*0099 

*00076 

12 

*0078 

*0007 


Light out off. 


80 

•0067 

1 -000061 

- 


Derknees 

100 

*0062 

*0000066 


Solvent CS, . Initial concentration of bromine-~0'01515 M. 
Initial cone, of atilbene— 0*01515 M. 


Table IX. 


Time 

! (a— dc) colic, of Br, : 

gm./mol. litre. 

1 Bete of dieappearance of Br. in the 
j eaoeeeaive intervale. 

1 

0 

*01616 


8 

•01406 

•00087 

6 

•01266 

Expoaad to 

light. *000A7 

9 

•01096 

•00067 

a 

12 

•00980 

•00066 


( Light cut off. 

33 

* *0082 

*ooou 

Darkoeaa 

. M 

•0078 

*000013 
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Tabu X. 

Solvent COl^. Imtiat oonc. of Br«~4)*01515 M. 
Initial of cone, of oinnamio aeid -*-*01515 M. 


0 

5* 6 

11 

16 

*^01515 

*0186 

*0119 

*0102 1 

1 

Bzposed to 
ligM. 

i 

i 

*00028 

*00081 

*00084 



liight cut off. 


45 

*0094 

Darkness. 

.000028 

105 

*0091 


*000005 


From the above results it is clear that in the case of these reac- 
tions, the induction period is followed by an after-effect when the 
source of illumination is withdrawn. Another interesting fact has 
been observed. It appears that if the reacting system is again|,^ 
exposed to light after the induction period and after-effect are over, 
the reaction passes through another short period of induction. This 
observation clearly proves that there must be some intermediate 
complex formation in the process of photobromination. Berthoud's 
method of varying light intensity by the use of rotating sector is, uiP 
case, open to an obvious objection ; because the successive 
period of induction and after-effects would certainly prevent the 
attainment ot equilibrium between the various reacting unstable in- 
termediate molecules which take part in the process of photo-bromi- 
nation. 


OBBUIOAL IjABOaATOBT, 
l>AOOA 47MIVBBStTT. 


Received September 2, 1927. 




Ol^lM>-Anii]io^li«nyl|iy4^ and tome Iiii«iwKting 
Httofo-oydio Compoiuidf dwiYed from It. Part HI. 
I na gt lim i n d »>Oi-dtiiw4iwi of Bmnitiiiid 
tMr iUii|«oioMi». 


ev Cyayoea aoffA aed Tbjkkpiu Nato Ohobb. 


10 I, Ouha and Bay (J. Indian Chetn, Soo.t 1025, 2, 
8^ have ajbown that l*ortlk>'nitv(^hanyl>4*plianylthio8dfniOBAaaida 
C«H«(NOa), NH.l^H.CS. NHPh, on reduction witb tin hydro* 
ohlorio aeid, givea I'O-amiMpfaenyl-d^pbflinyltliiosemiearliaBida, 
which in presence of atoong hydrochloric acid loses a nudeouTe of 
•OWBOOla to yield 8*phenylim}iie-5 }6.beiieo*l :8 :4-tetrahydro4 :8 : 
4*tiMo4ii«ois- The present tures^eticp was underteheo with the 
ehjeet of utilhtog the reaotive amino group d aeveral e mi nqp h e ny l- 
t h i eea mi o erh e ei dee by eond^nsing with thiooarbimidosf cerbiinidee. 
fOteeshim eyeoete, thiecyanete end aldehydes and study the 
elliot o< dieeree typos of ?ing*olofiiif egents upon the leng^eiMd 
orthoidideiiveitifes of h e m e t e th«s ehtomed. 

o*Nitrophenylhydrasine has now been eend w o o d with telyl* 
iqdyi oad ellyl mustecd oils to yield three 4'Substiti}ted<].mitro* 
fhenyl^dosemieeshasidee (1. IV. Vll). i>NitrophenyM*tolyhthiP*» 
semicarbazide and l<BitrapheByl4*iiylyltthioaeosicerheiude eg fodue- 
tion s^ve two compounds in each case, viz,, l'aminophenyl*4*tolyl> 
thiosemioarbazide (XI) and l*tolyl'2:8*benzo*6-thioM:4:5*tviesine 
(m), I.eillin0ibefiylt44olylthio8emicarbasido (V) and t*zylyl*2:8- 
benzo-6-thi<d*l:4:5-tria8ine (VI); whereas, from the allyl com* 
pound only the corresponding aminophenylthiosemicarbazide (VIU) 
has been obtained, time : 




4*Cm,C,H*.N : 0 : S 
>NH.NH.OS.NHO,H* .OH, 

a) 

CflP Offif 





$63 p. o. diiHA Aim T. N* dBdsa 

' ■ ■ .w 

trisdna oanadtoii(H& * ol the dwTa cKimpoiid^ 

fc^ows.&(M» the iaet Ui^^a«e aduidia in cold dilute ;«Uc.«]i».|^ya 
^dpUdoB with iodine, tind insduble nkeroaiptidee wi^ tnerov^ 
ohioride. 

l*o-Amindphdiyl^'pheiiyl. (tolyl, 'xylyl)*thiosemieaxbeside givee 
the oorresponding thioUtviaiine oompounde when treated wi^ 
aoetie anhydride and strong hydroohlorio acid, showing eonolusiyely 
tl»t during reduction with tin and hydroohlorio acid, the nitrb group 
is first reduced to amino which loses ammonia to give rise to the 
thiobtriasines. Evidently, the ring closure is affected thus : — 


^NH N V >NH- 

O.H*< V3.SH -NH. C,H*< 

• ^ *NH, NHR^ >* >NB- 


.N 
ti 

NE C.SH 


Guha (Jr. Amer. Chem. 800 ., 1928. 18 . 1086) obtained di-B>imino- 
thiobiasoles from hydraeinedioarbothioamides by the action of acetic 
anhydride when H^S was spilt off (compare also Ouha and Ouha 
(/.' Indian Chem. 800 ., 1927, 1. 162} who obtained alkylthiol* 
arylimino-thiobiazoles from thiosemioarbaside-dithiocarbozylates by 
the elimination of one molecule of sulphuretted hydrogen. It is 
peculiar that in the present instance ammonia is spilt off instead of 
sulphuretted hydrogen. 

The following lengthened ortho'di-derivatives of benzene have been 
obtained from o*amino-phenyl-4-i2-thiosemicarbazides by thp action 
of phenyl-, tdlyl-. xylyl- and allyl-thiooarbimides. 


>NH. NH.OS.NHPh 

CS.NHPh 
(IX) 

^NH.NH.CS.NHPh 
O.H.< 


^NH.NH.CS.NHPh 

0,H.< 

^NH.CS.NHC,H. .OH, 


(X) 


^NH.OS.NHC,H.(OH,), 


O.H* 


yNH.NH.CS.NHPh 

>NH.OS.NHC,H, 

(XH) 




NH.NH.OS.NHO,H, :CH, 


NH.CS.NHO,H,.CH, 


(XI) 


(xni) 


* Tbs beDSo-tbiotisriaa oonstitation swigiisd tb this oomponad by Gobs sad 
Bay (IO 0 . aft.) baa pew basa fdaad to ba wrong. It peaaaaaea a maroaptanie fpnoff 
daa to tbs praaanaa of. wbidi it ia aolnUa in alkali aad givaa a dianipbida. Iba 
drateiptioa eS tba pnqpsitiaa of tisia anbatanoa as given ia Part 1 ot ftia.papar is 
rathof inazi^abla. It was ttrongb soma sort of miataka, parfaapa, that tba pio- 
partiaa of soeia eUisr snbatfutoa wars stttibatad to this ocnapoand. 



m jMm 

with rtiDflifkyAKMUorio 

•9'^WIak|:ft:ftr7<4Mikii^iioh(iMbM (XIV), — . 

^.,^.KH.OS.KHPh 

-C.B..NH. 


^NH.08.NBC«H« .OH, 


I 

^Nsr S 


Th« jtltwmative dimefcaqptam^ formula 
y.NH— NH— CSv 
—08/^ 


I 

NHC,H, 


NH- >NC»H» 


(XIV) 


ia also possible. By analogy witb the formation of amino>tfaiol-tria- 
Bole by the ring>closing action of hydrochloric acid upon similar 
^ioarbo-thioamides (Freund and Imgsrt, Ber., 1895,88. 946;Guhs, J. 
ilmer. Chem. Soa.t 1922, U, 1502) the above constitution has been 
assigned to the compound (XJV). 

l-o>AmittOphenyl*4>phenylthiOBemioai:baaide reacts readily with 
potassinm cyanate and phoiyl fsoeyanate to yield l>earbamido-2- 
phenyHhiosemicarbasidO'benzene (XV) and l>]|^iesyloarbamidO'8' 
phenyl-thipsemioarbasido-bensene (XVI) respectively. 


< NH.CO.NH, 

(XY) 

NH.NH.08.NHPh 

< NH.C0.NHPh 

(XVI) 

NH.NH.CS.NHPh 


The ring*olo8ure of the above type of lengthened orflto*di-deri* 
vatives of benzene with strozig hydrpchlorio acid and potassium 
hydreoride solution gives rise to the identical poly-membered hetero* 
cyclic compound, «!»., 2:8-bonzo-«-phenylamino-9-koto-l:4:5:7- 
oota^trazine (XVII) thus : — 




j B c«o. HOI or 

• *NNH.NH,OS.NHPh > 
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l%e <^T6 aoi(^>oulld ^VIl) is’ aoidio in obaraot^arr ipdasibljr dkifb to 
ibe presenee of the grouping (•CO*NH>} and diasolvea in aUcali to 
fonn sodium salt. It is srcurth mentioning that no such ring<- 
olosnre of oriho-dideriTatives of bensene containing the carbonami- 
doand thiooarbonamido groupings is known and it is the first 
time that such ring closures have been, studied. Freund^d Sohan- 
der (Bsr., 1806« 29i 2506) brought about the ring*cIosure of the hydra* 
side NHi.GS.NH. NH. CQNH, with hydrochloric acid and obtained 
imino-thiobiasolone. The action of caustic alkalis upon this type 
of compounds has been found to effect ring-closure not through a 
sulphur atom but through nitrogen (Arndt, Milde and'Tsohenscher, 
Ber., 1922, 65, 841). So it is really interesting to note that it 
is immaterial whether the ring-plosing agent is alkali or an acid, 
the result in the present instance is the same. The natural 
conclusion to be drawn from the above results is that though 
different types of ring-closing , agents exert their individual influences, 
the substances undergoing ring-closure have also got some influence 
upon the course of these reactions. * 

Ferric chloride exerts its oxidising action upon o-aminophenyl-4- 
B-thiosemicarbazides and forms 3 : 4-benzo-7-phenylamino-l : 2 : 5 : 6- 
thioheptatriazine (XVIII) and 6 ;4-benzo-7-tolylamino 1 : 2 : 5 : 6-thio- 
heptatriazine (XIX) thus : — • 


xNH. 


FeCl. 


NH.NH.GS.NHPh 


/NH, 


C.H./ 


NH- 


-S 

» 


NH— NsaG.NHPh 
(XV ITT) 


FeCl. 


•NH.NH.OS.NH.G,H.GH, 


yrNH D 

G.HX I 

>NH-^N=C- 


-S 


NHC.H^GH, 


(XIX) 


Fromm, Layer and Nerz (Annolen, 188, 1) obtained di-B-imino-thio- 
biazoles by.th^ action of ferric chloride upon hydrazodithiedicasbona- 
mides. 

^ .^ydrazine hydrate has also bedh. found to effect the~ ring-closure 
of o-aminophenyl-d-B-Ctuosemicarbazidet and thus l-phenyl-8 ;4* 
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b«iso>7^1ibl-l :2 : 5 : d-hep(»ateiraaitxe and l-idlyl^S : 4.beazO:7- 

:2:6 rd-faaptatetrazine (XXI) liavel>een obtain^ tbus;— 


/NH, 


•NH.NH.OS.NHPh 
NH,.NH, 


/NH, NHPh 

C.HX I 

^NH.N:0.8H 

-NH NPh 


< iNXX— J 

I 

NH N =< 


C.SH 


+2NH, (XX) 


These thiol-benzo-heptatetrazines give all the characteristic reaction 
of a mercaptan. . 

. Benzaldehyde and o-nitro-benzaldehyde have been condensed 
with o-aminophenyl'4-phenylthiosemicarbazide to yield the corres* 
ponding benzal (XXII) and o-nitrobenzal- (XXIII) derivatives, and 
the latter on being treated with ferric chloride gives 2-anilin6*5 :6- 
benzo-8*nitrophenyl-l :8 :4 :7-thio-octatriazine (XXIV), thus : — 


y.N;CHPh 

C,H*< (XXII) 

^NH.NH.CS.NHPh 

>N:CH.O,HNO. ^N :0(C,H.N0,).S 

FeCl, C.HX I 

^NH.NH.CS.NHPh > ^NH-— N C.NHPh 

(XXIII) (XXIV) 

It is quite interesting that though tl'.e methenyl hydrogen uid the 
thiol hydrogen atoms are so wide apart from each other,, the ring- 
closure is effected as usual without any hindrance. The formation 
of these thio-ootatriazines bears 'J very close resemblance, to. the 
process involved in the formation of thiobiazoles from aldehyde- 
thiosemicarbazones by the oxidising action of ferric chloride as 
studied by Busch and Holzmann (Per., 1901, 34, 824), by Busch 
and- Schneider :(J. pr. Chem., 1914, 89, 314) and by Yoyng and 
Eyre (J. CHem. 8oc., 1901, 79, 64). 


Experimental. 

Reduction of l-o-Nffropfeenyi-d-phewylfhteeepucorbaztde. 

, ^Jje reduction was cariried out according to the cnethod of Quha 
and Bay (side Part 1). By the use of^a comparatively less string 
hydrochloric acid it has been possible to ^obtain as much & 8. g. 
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of lw>-Miii]iq^oi>yl-4<pboiqrltfaioMmkuuH^ hyS/oobSoMA tPOtKi 
10 g. of tSie atar^liig material, wbttreaa Vka olAar taA^noii gacvt 
only 1*5 g. Hm yield «< the thiol-benaotrioaine has alao been 
raised to 1 g. as against 0*4 g. by the older method. 

The free Baee, NH.C.H« NH.NH.GS.NHPb. 

1?he free base was obtained by dissolviag the hydroehloride 
(1 g.) in the least qumitity of water and by adding a few drops 
of sodium oazbonate solution to make it just alkaline. A brownish 
white floceulent mass was thus Obtained which was extracted by 
shaking with ether. The ethereal solution cm evaporation yielded 
a brownish white crystalline mass which wasT'orystdlised from 
alcohol in brownish-white plates, m.p. 102>108* ; yield 0*5 g. 
(Found :N, 21*58. requires N, 21 ‘70 per cent.). 

Imftroved Method of leelatum of Phenyl beneo-thiol-triaeine. 

The pasty semi-solid mass (compare (it), J. Indian Chetn. 8oe., 
1925, 2, 92, 5th line) was suepended in water riightly eeidalated 
with hydrochloric acid and the tarty matter was removed by 
passing steam through the liquid for two hours. The hot liquid 
was then further boiled with animal charcoal for half-an-honr 
and was filtered hot. The solulnon on cooling and on standing for 
some time gave beautiful shining white needles, m.p. 151**. ' It is 
soluble in hot water, strong hydrodblwic acid and cold dilute 
alkali itom the soiutioa of which it can be precipitated by acids. 

The Dteedphide, ^An alcoholic soluticn of iodine was added 
drop by drop to mi alctfiiolio solution of the thiol-triaaine compound 
until the solution became taddudi-farowii in ctfiour. The disulphide 
was cbtahied as a yellowish white amorphous powder by tiie addition 
of an excess of water to the alcoholic solution. The precipitate was 
repeatedly waAed with a solution of iodins in potassium iodide, 
with water and finally wi^ aloohol. It was orystblKsed from 
methyl aloohol in yellowish white needles, m.p. .ITS-ITO". (Found : 
8, 18*54. Ca«H,oN,Ss requires 8, 18*88 percent.). 

l-o-Nitrophenyl’A-p-tolyl^thioeemicarbaeide (I). 

An alcoholic solution of o-nitrophenylhydrazine (10 g|) we.s 
heated under refiux on the water-bath with p-tolyl-musta9^ oil 
• (9-|0 g.) for about 40 minutes when a yellowish white precipitate 
was obtained which wus crystallised hrom aloohol, m.p. 176^ ; yield 
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Jtiittefibn of Compound <I) : VortnaHim of l-o-AmtnopHeMy{>4*I>. 
U:d^i}4o§omdea¥batAAo <II) and l-fol{|it4S;8-ban»0'6-tbioM :4:bi 
frlMlAA <li3).‘-~'19ie method of procedure was the eeme as followed 
hi the ottse of the ocsrrespoQding plienyl oompounds (Part I, loc. 
ott.y, 'Vhe aminophenybldiiosemieachazide was purified t>y 
etiter to eh rfeoholio solution of ^e substance when it was obti^ed 
as % white shining crystalline product, m.p. 252-253*' with deoom- 
position and producing a blue colouration. It turns reddish-brown 
on esposore to the air tor some time. (Found: S, 10*67. 
Ci*Ht«N«8 requires 8, 10*89 per cent.). 


Purification of Compound (III). — It was purified as the corres- 
ponding phenyl compound and was finally crystallised frcm water 
acidulated with hydrochloric acid in beautiful lig^t yeUow 
rectangular plates, m.p. 182*. It is soluble in ocdd dilute eJkidi 
from which solution it can be precipitated by acids. (Found: 
N, 16*21. requires N, 16*47 per oent.). 

The Dittdphide of Compound (HI) was prepared by the adcfitimi 
of an excess of an iodine solution to an idooholio solution of the 
substance and then precipitating it with an excess of water. It 
metts at 97 -?6* with decomposition. 

AoUon of Acetic Anhydride upon (II) : Formation of l-ToiyZ-2 : 8- « 
benso-6-ihtoI-l : 4 : 5-iriaeine (III). — l-o-Aminophenyl-4-p-tolylthio- 
semicarbaside hydrochloride (1 g.) was heated with acetic anhydride 
(4 c.c.) on a sand-bath under reflux till a clear brownish c<doured 
solution was obtained. The reaction mixture was ■ then poured 
into cold water and thus a slight yellow precipitate was obtained 
and a second crop was obtained by concentrating the mother- 
hquor. The product was then crystallised from water dightly- 
acidulated* with hydrochloric acid, in light yellow needles meitt^ 
atl82^ (Found: N, 16*28. C»*H»,N,S requires N, 16*47 per 

MBt.). The iddntity of this compound with (HI) was prosed by 
trfr^rc the mixed melring point. 

* lK)-Nifroph«nyZ-4-(l :8:4)-sBylyl-<Wo«6wic«rbo»^ (IV).— An sloe- 
holio solution of o-nitrq?henyl hydrazine (10 g.) and xylyl-mustard 
ofi*(llg.)wa8 heated on a water-bath under r^ux for about Sn 
hour wlmn a yellow crystalline produqt came out of the sidt^icn. 
The product was fuither orystailised fros^ alcohol, m.p. Il2® { y^it^ 




tbqn^ 19 g. (Found : 

erait.). 
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B&dtiotion of tk* abovo Compound : PormaUon of l-^-Amino* 
phmyl~Aili9z4t)‘xylpl-ihioatimicarbaMide (V) and l-Xytj/l-2:B4ifenao- 
6-ihiahl:4:5-iriaaine (VJ ), — ^The reduotion was carried out by 
following tbe methods as adopted in the case of the phenyl and 
tolyl compounds. The thiosemioarbaside (V) was purified by 
adding ether to an alcoholic solution of the substance when a white 
shining crystalline mass was obtained which melted at 255-256'’ 
with decomposition and producing a blue colouration. It turns 
reddi8h-bK>wn on standing. (Found: S> 10*27. CtsH,aN«S« HOI 
requires 6, 0*94 per cent.). 


The henao-triazine compound was purified similarly as the 
corresponding phenyl compound and was crystallised from water 
slightly acidified with hydrochloric acid in shining white plates, 
m.p. 173-174°. (Found; N, 15*48. requires N, 15*61 

per cent.). 


Action of Acetic Anhydride upon Compound (V) : Formation of 
l-Xylyl-2 :S-beneo-6-thiol-l :4 :5-iriazine (VI). — The usual method of 
preparation was adopted in this case and the resulting product was 
crystallised from dilute hydrochloric acid in white shining pistes, 
m.p. 173-174®. (Found: N, 15*45. C,sH N,S requires N, J6*61 
per cent.). 

1 o~Nitrophenyl-4-allyl‘thioeemicarhazide (VII). — An 'alcoholic 
solution of o-nitrophenylhydrazine (10 g.) and allyl mustard oil (7 g.) 
was heated under reflux on a water-bath for two hours. On pouring 
the reaction mixture to cold water (200 c.c.) a yellow crystalline pro- 
duct separated out which was further purified by crystallisation from 
alcohol, m.p. 160°. It is insoluble in water and acids but readily 
soluble in alkali producing a beautiful bluish violet colouration. 
(Found: N, 22*42. C,oHiaO,N«S requires N, 22*22 per, cent.). 

Reduction of ''Compound (Vll) : Formation of l-o-AminophenyU 
4-aUyl-thioeemicarhazide (VIII) . — 1 -o -Nitrophenyl-4- allyl-thiosemi- 
carbazide (10 g.), granulated tin (10 g.) and concentrated hydrochlo- 
ric acid (60 c.c.) were heated on a water-bath for three to four hours. 
The contents of* the flask were then largely diluted with water and 
tin removed by tpassing sulphuretted hydrogen repeatedly. The tolu-*^ 
tiop was evaporated almost to dryness on the water-bath which on 
c^lifig yielded a brownish red crystalline mass. The raw product 
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tih0»dt»t<^d was purified by adding ether to an alcobolie 
of tlui substonee when white shining (wystals, m.p. 247-248** witii 
decomposition were obtained. It turns reddish-brown on standing 
lor some i^e. (Found: S, 12*15. C,»H»*N*S, H€51 requires S, 
IS*^ per cent. }. 

l-Phenylthiooarbamido-2-phenylthio$emiearbagido~henzene (IX.).-— 
An fdooholio soluticm of l-o-ammophenyl-4-pbenylthiosemicarbazide 
(2 g.) and phenyl mustard oil (1 g.) was heated on the water-bath 
under reflux for three hours. The reaction product on being poured 
into water gare a white solid which was crystallised from dilute alco- 
hol in shining white rectangular plates, m.p. above 290**. It is 
soluble in hot water and in cold concentrated alkali; yield 2 gms. 
(Found : S, 16*48. C.oHiaN.S, requires S, 16*29 per cent.). 

\.p-Tolylthioc<irbamido-2-phenylihio»emicarbagido-benzene (X). — 
The method of preparation was the same as in the case of the pre- 
ceding compound (IX). From 2 g. of l-aminophenyl-4-phenyl- 
thiosemicarbazide hydrochloride and I g. of p-tolyl-mustard oil about 
2 gms. of the product were obtained. It was crystallised from dilute 
tlcohol in shining white plates which did not melt even at 290**. 
iFound: 8, 15*28. C,,H,,N,S, requires S, 15*72 per cent.). 

l-Xylylthiocarbamido-2-phenyUhioBemicarbazido-benzene (XI).— » 
The^ method of preparation was the same as in the case of the two 
preceding compounds. The yield of the product was 1*2 g. froni 
l-o-aminophenyl-4-phenylthiosemicarbszide hydrochloride and xylyl 
mustard oil (0*7 g.). It was crystallised from alcohol in white shin- 
ing plates which did not melt even at 290®. (Found: S, 15*88. 
C,tH,,N,8, requires 8, 16*20 per cent.). 

l.AUylthioearhamido~2-phenylthio8emicarbazido-benzene (XII). — 
The method of preparation was the same as the preceding com- 
pound. It was crystallised from dilute alcohol in white shining 
plates whibh did not melt even at 290® ; yield l*g. (Found : S, 
18*28. O, .H, ,N,8, requires 8, 17*92 per cent.). 

* i.p.TolyHhioeaTbamido-2-p-tolylthio8zmicaTbazido-benzene (XIII). 
—The reaction product was crystallised from dilute alcohol in white 
shining plates, m.p. 281-282®. (Found: 8, 15*55. 

•requires S, 16*21 per cent.). ^ 

Aoii6n of ztrong Hydrochlorio Acid upon l-p-ToIyl-thiooarbamtdo- 
2 ‘ph 9 nylthiozemicarbazidO’benzen 0 : Formation of 2-Tolyl^mh^ 

4 :6 benfo-8-fhio-l ;8 .t il-oota^hiotnazinz (Xiy).--l-|>-Tolylthioqa«b%r 
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midty>9 pi»n,yIitoo*anw«fe>tidoi Neww t* (1 t*) ImmMI' «iw4«r 
(viox wttii eoaeewteated Iqriioohk^ «pid (4 1*11^ AHiv 
•bout 90 mimitMi* hMtiiig tlie substeiM* wont iate wduMoa tmd <m 
ooafei«wog tbo bMtiag lor aaiotbor 90 miauiM, wUto ■hintaig ptph 
tals began to oome out of the eoluticm. The eolutioa won allound to 
cool, filtered, preoipitate washed with water and was fiiaaUy orystal* 
liaed from alcohol, m.p. 200**. It is insoluble in water but it readily 
dissolves in oold dilute alkali. The presence of aniline in the acid 
filtrate was tested by diaso reaction and coupling with /l-naphthol. 
(Found: < N. 17*52. Ci,H|AN«8a requires N, 17*88 per cent.). 

l-Oarhamido~ 2 -phenffUhiot 0 mioafiajndo-b 0 nM 0 ng (XV). <— Potaasi- 
uan eyaawte (0*8 g.) disaolvad in the aainimum quai^^ of water was 
added slowly to I'C'aminophcHByM-phenylthioseniioarbaaide hydro* 
chloride (1 g*) also dissolved in the smaHest quantity of water under 
cooling. The reaction took place at once and a white solidmass 
came out whioh was filtered, washed with water and finally crystal* 
liaed hrom dilute alcohol in brownish white plates. It did not melt 
eran at 200°; yield 0*8 gm. (Found: N, 38*02. C,«Ht»ONaS 
reqairss N, 28*25 per cent.). 

Action of Hydroehlorie Acid upon (XV) : Fomtafion of 2:S-Bcn»o~ 
6-pheayias»tao-8-b«io-l :4 : 5 : l-ooiaiciracme (XVII). — Two gins, 
of the compcHind (XV) were heated with strong hydrooUcKrie ooid 
(50 o.c.) under reflux lor about an hour and the reaction product woe 
poured into watw when a browniah white eryrtalMne ma ss eame 
out. It was filtered, washed with wator and crystallised fraaa aloo* 
hel in brownish white shining pistes, m.p. 145°; yield 1*8 g. 
(Found : N,* 25*09. G , •ON, requires N, 96*21 per cent.). 

Treatment of Compound (XV) with 2(ffk Potaeeium Siydrozide 
Solution : Formation of Compound (XVII). — ^Two g. of the compound 
(XV) were heated with about 40 o.c. of the potassium hydroxide 
solution for an hour and a half. The dear solution thus obtained 
was neutralised with dilute hydrochloric acid under cooling uhatt 
sulphuretted hydrogen was profusely evolved with tise separation of 
a brownish white crystailiae mass whkdn was twice cryatallised from 
dilute alcohol, m.f. 145°. (Found: V, 95*84. Ci«Bi»OMa raquhnn 
N, 26*21 per oei^.). The identity of this compound with the jgfa- , 
one was confirmed also by takiiig a ndxed melting point. 

* l*Pbea3deaf'beM»tde<A>plisaplthtoasaMMrbaMdo>beaMMiM (XVI).— * 
Ph e nyl lsectyanatp (0*6 g.‘) wee tiowiy added under eodiag te 



«miii|p]^lun7l-4>plM«ylthioBemiouHbazide l^yazoohloride © . g,) d». 
solvAd ill wAtor and ibe mixture wee shaken vigorously for idiout ten 
minutes. The reaction took place with the evolution of heat and a 
brownish flooculent mass separated out which wae erystdilised from 
dilute alcohol, m.p. above 290*’. (Found: N. 18'82. 0.„H. ON 

. S requires N, 18*56 per cent.). 

Action of Ferric Chloride upon l-Aminophenyl-A-phenylthioeemi 
carhturide: Formation of B:4-Bengo-7-phenylamino-l:2:5:6-thiQ. 

heptairiaMine (XVIII). — Excess of ferric chloride solution was added 
to l*o-aminophenyl*4-phenylthiosemioarbazide hydrochloride, (2 g.) 
when the solution turned reddish brown; the solution was then heat 
ed to boiling for about an hour and filtered hot. The crystalline 
product thus obtained was crystallised from water slightly acidulated 
with hydrochloric acid as red needles, m.p. 140°. It was the hydro* 
chloride of a bc^ as was proved by the fact that it gave silver 
chloride with silver nitrate solution. It is excessively soluble in 
cold water. (Found; N. 19-21; Cl, 11'54. C,,H,,N*S, HCl 

requires N, 19*17; 01, 11*98 per cent.). 

8 ; 4‘Beneo~7~p-tolylamino~l ; 2 ; 5 ; Q-thioheptatriazine (XIX), — ^The 
method of preparation was the same as in the case of the compound 
(XVIII). It was crystallised from water slightly acidulated with 
hydrocjjiloric acid in beautiful reddish brown needles which did not 
melt even at 290°. It is very soluble in water and gives silver chlo- 
ride with isilver nitrate solution. (Found: N, 18*23; Cl, 11*21. 

HCl requires N, 18*80; Cl, 11*43 per cent.). 

Action of Hydrazine Hydrate ? Formation of l-Phenyl-S:4-benzo- 
7‘thioUl :2:5:6-h6ptatriazine (XX). — ^An alcoholic solution of l-o- 
aminophenyl-4-phenylthiosemicarbazide (2 g.) and hydrazine hydrate 
(0*4 g.) was heated under reflux for about an hour. The solutionr on 
, cooling gave a brownish white crystalline mass which was filtered, 
washed with ajcohol and then with water and was crystallised from 
alcohol as white shining plates, m.p. 83-84®. It il soluble in hot 
water, and in cold dilute alkali and gives an amorphous yellow di- 
sulphide with iodine solution and a yellowish white mercaptide with 
meroorio chloride. (Found: N. 22*09. C,,H,,N*S requires N. 

* 21*87 per cent.). 

*l-ATlyl’Q ;4-l»en»o-7-fWol-l :2 :5 : B-heptatetrazine •(XXI).~-The 
method of preparation was the same as that of the preceding omn-v 
pound (XX). The reaction product was crystallised from alcohbl. 
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It gave «i stt(HEpfaoos 4l8ti^l^bldeivtth io4hi« s^tst^ Mid a y«llQ«iridi 
white mekiaptide wii^ msrottrio ehlogHde. (Sbuxid: Nr 15'iRl. 
C,,H,aN«S requires N. 25*48 pw ee&t.)< 

l-B0nBalanilinO'^‘phenylthio$emicarba0ide (XXII). 

A dilute aloohdlio solutioxi of i-o>aminophenyl-4*plieuyltlikMMKni’> 
earbaside (2 g.) aadbesBa!dehyde(0*7 g.) was heated <m a water-bath 
under reflux for two hours. Some alcohol was then distilled cH and 
the residual solution on dilution with water gave a white solid mass. 
Any unconverted benzaldefayde was removed with steam and the 
solution was filtered hot which on cooling yielded a white oiystalline 
mass which was crystallised from boiling water in white needles, 
m.p> 168-160° ; yield 1*5 g. (Foimd: N, 16*88. G,oH,,N«S 
requires N, 16*18 per cent.). 

l-0'NitrobeniialaniUdo<-4-phenyltkio9emiearh(iMide (XXIII).-— A 

dilute alcoholic solution of l-O'aminophenyl-4-phenylthiosemicarba- 
zide (2 g.) and o-nitrobenzaldehyde (1 g.) was heated on a watei- 
bath under reflux for 2-8 hours. On cooling greyish white crystals 
gradually came out of the solution which were filtered, washed with 
alcohol and oryatallised from a mixture of alcohol and acetic acid 
as brownish white needles, m.p. 260°. It is sparingly soluble^ in hot 
water, readily soluble in acetic acid, acetone pud alcohol; yield 
1*6 g. (Found: N, 17*79. OaoHifOaNsS requires N, 17*9 par 
cent.). 

Aetion o/ Ftrrie Chloride upon (XXIII) ; Formation of 2-Anilmo- 
6 : Q-beruiO'8-nHrophenyl-l : 8 : 4 : l-thio-ooiatrioMina (XXTV) . — 1-Nitro- 
besuialanilido-4-phenylthi08emicarbaBide (1 g.) was heated with an 
excMM of ferric chloride solution (2 g. dissolved in 18 c.c of dilute 
hydrochloric acid) for about an hour and the solution was filtered 
hot. On cooling, the filtrate gave beautiful shining brownish col- 
oured (» 7 stal 8 ^ which wore filtered, washed repeatedly with water 
and was crystallised from dilute hydrochloric acid, m.p. 216-217°. 
It gave silver chloride with silver nitrate solution. (Found : N, 
10*88. CaoHiaOaNaS, HGl requires N, 16*47 per cent.). 

Our thankr are due to Sir P. G. B4y and Prof. J. C. Ohosh for 
the kind interest they have tdken in this work. 
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BeadO-C-C-OOH 
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For “90g.” read “9‘Og.** 
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“2(CoH.),NH*’ 

431 
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For “only 6g.*’ read “only 0*6g**. 
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15 

For “manganese dioxide** read 
“manganese hydroxide** 
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,For ‘VarB earth** read “rare 

• 


earth oxide** 

«• 

*9 

For “2 small pieces** read “smaH 


- 

iipieces** 
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For “rose from*’ read “rose 

slowly from*’ 

468 

. 2 

For “PtCl, 1 2Ets8** read “PtCl#, 



. 2EtaS** 

• • 

*9 

For “PtCls 3C,H4 (NHs),**read 

“2PtCl9, 3C*H4 (NHi).** 

If 

*3 

For “AgCl NH” read "AgCl NH,** 

*340 

*6 

For “C , oHi s NO*’ read“Ox oH, , NsO** 

342 
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i?’or “90-32“* read “90-92**** 

402 • 

* , 20 

For “4-Acetylamino52-piienyl * ^ 

* 


stibinate of sodium** read 


*'4-Acetylamino-3-bromopfaenyi 
stibinailiQ of sodium**. 


* From bottom. 







